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ABSTRACT 
The thesis embodies Information on some aspects of 
nutrition in selected cultivable finfish species. The thesis consists 
of two parts. Part one of the thesis contains information on the 
digestibility of some selected feedstuffs, determined with both 
endogenous as well as exogenous markers, and the influence of 
factors such as species, feeding frequency, temperature, size 
and diurnal variation on the nutrient digestibility of cultivable 
catfish species, Heteropneustes fossilis (Bloch), Clarias 
batrachus (Linnaeus) and C. gariepinus (Burchell). 
Part two embodies data on the effect of antinutritional 
factors, dietary gossypol and synthetic phytic acid, on the 
growth, conversion efficiencies, and carcass composition of the 
Indian major carps, namely, Labeo rohita (Hamilton) and 
Cirrhinus mrigala (Hamilton). 
Evaluation of apparent drymatter and protein digestibility 
(%) of some selected plant and animal origin feedstuffs was 
carried out in the catfish, H. fossilis (9-11cm; 6-8 g) using 
exogenous (chromic oxide) and endogenous (hydrolysis resistant 
organic matter, acid insoluble ash, crude fibre and ash) markers. 
In general, digestibility varied insignificantly (P>0.05) with the 
type of marker used. However, with each marker the protein 
digestibility varied significantly (P<0.05) with the feedstuffs 
tested, and these variations may be attributed to the composition 
of the feedstuffs, as also to the flow pattern of the marker 
through the gastrointestinal tract with respect to the digesta. The 
study demonstrates that chromic oxide, used as exogenous 
marker for nutrient digestibility estimates, produces more 
consistent values. 
Apparent protein digestibility in catfishes, C. batrachus (IS-
IS cm; 45-50 g), C. gariepinus (21-22 cm; SO-65 g) and H. 
fossilis (10-12 cm; 10-15 g) was estimated for nine different plant 
and animal origin feedstuffs. Fat digestibility was tested for C. 
batrachus and C. gariepinus, wherein the influence of feeding 
frequency on protein digestibility was also examined. The protein 
digestibility of the feedstuffs varied significantly (P<0.05) within 
each test species. However, the digestibility values for most of 
the Ingredients tested were comparable (P>0.05) between the 
three catfish species. The most efficient utilization of protein in 
these fishes was noted for soybean meal followed by fishmeal. 
The lowest protein digestibility was noted for rice bran. Similarly, 
the utilization of fat from the feedstuffs was also significantly 
(P<0.05) different within each of the two species, C. batrachus 
and C. gariepinus. Fat digestibility of feed ingredients was 
insignificantly (P>0.05) different between the two species. With 
respect to the fat content soybean was most efficiently utilized. 
Poorest fat digestibility was obtained for rice bran. A marked 
decline in protein utilization was discernible in the above two 
species on increasing the feeding frequency from two to four 
times a day. 
Influence of protein source and varying temperature on 
apparent protein digestibility was determined in the catfish, H. 
fossilis (9-11 cm; S-8 g). The fish effectively utilized protein from 
both the plant as well as animal origin feedstuffs. With the 
exception of fishmeal and soybean meal, protein digestibility 
varied significantly (P<0.05) with the feedstuffs tested. The trend 
in utilization of protein from different sources remained similar at 
the three temperatures (18, 28, 38°C). For each ingredient, 
digestibility values varied (P<0.05) with temperature. A 
temperature of 28°C was found to be most suitable for optimal 
protein utilization in H. fossilis. 
Influence of protein source and fish size on apparent 
protein digestibility (%) was studied in African catfish, C. 
gariepinus. Three size classes (27-30 cm, 105-109 g; 42-44 cm, 
780-830 g; 60-62 cm, 1250-1300 g) of fish were taken for this 
study. Within each size-class, the digestibility varied significantly 
(P<0.05) with the source and quality of protein used. Soybean 
meal and fishmeal were utilized with greater efficiency, while rice 
bran was least digestible. An increase in digestibility was 
apparent with increase in fish size for high protein sources such 
as soybean meal, full-fat soybean, laboratory prepared fishmeal, 
Peruvian brown fish meal and dried fish. Protein from other plant 
sources was less efficiently utilized with increase in size. 
Evidence of daily variation in protein digestibility was also 
noticeable in small fish. 
Effect of feeding glanded cottonseed meal was examined 
on the growth, conversion efficiency, and carcass composition of 
Labeo rohita fry (3.0-3.5 cm) reared at 24+1. Inclusion of > 
5.41% cottonseed meal in the diet was found to depress fish 
growth. The specific growth rate (%) was significantly (P<0.05) 
higher (1.77) in fish fed diet containing cottonseed meal at the 
rate of 2.16-4.33%. The best-feed conversion ratio (1.98) was 
seen in diets containing 2.16% cottonseed meal. While protein 
efficiency ratio was highest (1.26) in fish fed diets containing 
cottonseed meal at 2.16 and 3.25% Body fat and moisture 
declined significantly in fish fed diet with >5.41% cottonseed 
meal. Variations in body protein and ash were not significant at 
levels tested. 
Effect of phytic acid was studied on the growth, conversion 
efficiency, and carcass composition of C. mriga/a (2.5-3.5) fry, 
reared at 18-22°C. The fish were fed isonitrogenous (40% CP) 
and isocaloric (4.32 kcal/g) purified test diets, containing varying 
levels (0.5, 1.0, 1.5, 2.0, and 2.5%) of phytic acid 
(dodecasodium salt). The highest weight gain (94.87%), specific 
growth rate (1.58%), protein efficiency ratio (2.02), and best food 
conversion ratio (1.21) were obtained in fish fed the control diet 
containing no phytic acid. Live weight gain and specific growth 
rate were significantly affected by dietary phytic acid inclusion 
beyond a level of 1%. Dietary inclusion of phytic acid markedly 
influenced the carcass composition of the fish. Crude protein and 
fat content declined significantly (P<0.005) in fish fed phytic acid 
contained diet The percentage of moisture and ash in these fish 
were found to be significantly (P<0.05) higher. 
The information, in addition to contributing to the existing 
knowledge on the subject, would be of interest to fish 
nutritionists and farmers, and find application in developing 
practical diets for semi-intensive/intensive culture of these 
fishes. 
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GENERAL INTRODUCTION 
Knowledge of nutrition and feeding of fish Is essential for 
successful aquaculture. Our knowledge on nutrition and metabolism of 
fish owes much to J.E. Halver, whose studies on Pacific salmon 
(began half a century ago) laid the basis for much of the research that 
has followed. The nutrients required by fish are essentially the same as 
for land animals. Fish need protein, mineral, vitamin and energy 
sources for growth, reproduction, and other normal physiological 
functions. They may obtain these nutrients from natural aquatic 
organisms as in extensive aquaculture system, or from artificial or 
prepared feeds as in semi-intensive/intensive culture system. 
Deficiency of one or more of these essential nutrients may lead to 
reduced growth performance, disease or even mortality. 
There is an increasing evidence that gross nutrient requirements 
of cultured species groups are close to one another, but the 
requirements may vary with factors like fish size, temperature, nutrient 
balance in the diet, etc. From a nutritional point of view, improving 
growth and feed utilization employs attempts to optimize the nutrient 
bioavailability to fish using well-identified source of such nutrients. In 
the context of aquaculture, nutrient bioavailability contributes to 
improved diet quality and consequently to a better environment. This 
can only be achieved through quantitative knowledge on digestibility, 
absorption, biological values, and perhaps also antinutritional factors 
of the potential ingredient besides the recognition of possible nutrient 
interactions. 
Most of the fish nutritional research and other effort over the last 
few decades have been directed towards determining the nutrient 
requirements of culturable species (Cowey and Sargent, 1972, 1979; 
Castell, 1979; Jauncey, 1982; NAS-NRC, 1983, 1993; Cho et al. 1985; 
Wilson and Halver, 1986; Hepher, 1988; Halver, 1989; De Silva, 1989, 
1991; Tacon, 1990; Arai, 1991; Boonyaratpalin, 1991; Hardy, 1991; 
Helland et al., 1991; Kissil, 1991; Luquet, 1991; Satoh, 1991; Shimeno, 
1991; Wilson, 1991; De Silva and Anderson, 1995; and Kaushik, 1995). 
With the increase in intensive culture of many species of fish 
throughout the world, including India, the demand for most efficient 
diets is rapidly increasing. In the past, high quality fishmeal remained a 
major source of protein for such diets, but increasing cost and less 
dependable supply of fishmeal has forced fish farmers to look for 
alternate sources of protein in fish diet. It has been realized that a wide 
range of less expensive, locally available feedstuffs, including a variety 
of agro-based waste products, could be used for the purpose. 
However, it is necessary to know more than the proximate analysis of 
such diet ingredients. Efficient data on chemical analysis of amino 
acids, fatty acids and mineral elements are now available for a large 
number of feedstuffs but there is a lack of sufficient information on the 
digestibility of the proximate component of feedstuffs for most efficient 
diet formulation. 
The knowledge of nutrient availability from various feedstuffs is 
desirable for inclusion and substitution of one ingredient by the other 
while formulating least-cost practical diet for fish. Several workers in 
the past have assessed the nutrient/energy digestibility in a number of 
fish species (Inaba et al., 1963; Andrews et al., 1978; Austreng, 1978; 
Cho and Slinger, 1979; Cho et al, 1982; Kirchgessner and Schwarz, 
1982; Pfeffer, 1982; Schmitz et al., 1982, 1984; Bergot and Berque, 
1983; Dabrowski, 1983; De Silva and Parera, 1983, 1984; Ellis and 
Smith, 1984; Law 1984, 1986; Ash, 1985; Hajra, 1985; Henken et al.. 
1985; Law et al., 1985; Wilson and Poe, 1985; Ferraris ef a/., 1986 
Kirchgessner ef al., 1986; Hanley, 1987; De Silva et al., 1988, 1990 
De Silva, 1989; Hossain and Jaunc.ey, 1989''*; Kamaruddln et al 
1989; Lorico-Querijero and Chiu, 1989; Arnesen and Krogdahl, 1993 
a.b 
Hajen et al., 1993 ; Schwarz and Kirchgessner, 1993; Kaushik ef al. 
1994; Khan; 1994; Shiau and Liang, 1994; Hossain and Shikha, 1996 
Fagbenro, 1996, 1998; Sintayehu ef al., 1996; Watanabe ef al., 1996 
Wilson ef al., 1996; Degani ef al., 1997; Hossain ef al., 1997; Lee, 
1997; and Aksnes and Opstvedt, 1998). A majority of these workers 
devoted their studies to the assessment of digestibility of protein, an 
essential nutrient for maintaining life and promoting growth. For most 
of the plant and animal products protein digestibility in fish is reported 
to vary between 70-90% (Ogino and Chen, 1973; Cruz, 1975, Brown 
and Strange, 1985; Wilson and Poe, 1985; De Silva ef al., 1988; Khan, 
1994; Watanabe ef al., 1996; Fagbenro, 1996, 1998; Degani ef al., 
1997; and Hossain ef al., 1997). 
Problems related to digestibility measurements, including the 
leaching of nutrients from feed, also remained as the subject of review 
(Halver, 1989; and De Silva and Anderson, 1995). Several faecal 
collection methods have been tested, including manual stripping, anal 
suction and dissection. Collection of faeces excreted naturally into the 
water has been carried out in a variety of ways. All digestibility 
estimation on fish, whichever mentioned or used, were reportedly 
subjected to some degree of errors (Nose, 1967; and Smith and Lovell, 
1973), excepting perhaps when the fish was killed and rectal contents 
dissected out or hand stripped (Tacon and Rodrigues, 1984; and 
Henken ef al., 1985). However, siphoning remained as the most 
popular method of faecal collection, though the values estimated were 
higher, but not significantly different from other methods (De Silva, 
1989). 
Digestibility in fish can be measured by direct or indirect method. 
Two categories of markers (internal/endogenous and 
external/exogenous) have been used for digestibility estimates. Among 
the exogenous markers, chromic oxide has been most widely used. 
Lately, however, doubts have been raised with respect to its use as a 
marker due to its apparent differential passage in digestive tract 
(Knapka et al., 1967; Bowen, 1978; De Silva and Parera, 1983; 
Kaushik and Oliva-Teles, 1985; and Lorico-Querijero and Chiu, 1989). 
Other substances used as marker included titanium oxide (Lied ef al., 
1982), celite (Atkinson et al., 1984), polythene (Tacon and Rodrigues, 
1984), ash (De Silva et al., 1984), crude fibre (Buddington, 1980; De 
Silva and Parera, 1983; De Silva et al., 1984; and Tacon ef al., 1983), 
hydrolysis resistant organic matter (Buddington, 1980; De Silva and 
Parera, 1983; and De Silva ef al., 1984), hydrolysis resistant ash 
(Bowen, 1981; De Silva and Parera, 1983; Atkinson et al., 1984; and 
Sintayehu ef al., 1996). Only a few workers have made comparisons 
among and between the endogenous and exogenous markers 
(Buddington, 1980; De Silva and Parera, 1983; Tacon and Rodrigues, 
1984; and De Silva, 1985). 
Nutrient/energy digestibility in fish is reported to vary with factors 
like species, size of fish, feeding frequency, dietary components, 
temperature, etc. (Ogino ef al., 1976; Foltz. 1978; Windell ef al., 1978"; 
NAS-NRC, 1981; Steffen, 1981; De Silva and Parera, 1983; Law ef al., 
1985; Halver, 1989; El-Sayed, 1991; Galletto and Bellwood. 1994; and 
De Silva and Anderson, 1995). The variations in digestibility observed 
among species for different feedstuffs/nutrients have been attributed to 
the inherent complexity of nutrients, particularly carbohydrate and 
protein, as also to the content of fibre (Nagase, 1964; Smith and 
Lovell, 1973; Reimer, 1982; Hilton ef al., 1985; and Khan, 1994). 
Feeding rate and meal size have been observed to have a 
negative impact on nutrient utilization (Kinne, 1960; Solomon and 
Bradfield, 1972; NAS-NRC, 1977; and Windell ef a/., 1978"). 
Temperature is one of the most important factors influencing 
digestion and assimilation of nutrients in poikilotherms (Elliot, 1976; 
Watanabe ef a/., 1996; and Azevedo et al., 1998). Several workers 
have noted a positive correlation between water temperature and the 
rate of gastric evacuation in fish (Brett and Higgs, 1970; Elliot, 1976; 
and Windell et al., 1978"), but only a few have looked into the direct 
influence of temperature on nutrient digestibility (Shrable et al., 1969; 
Windell ef al., 1978"; Schwarz and Kirchgessner, 1982; Hidalgo et al., 
1987; Kikuchi ef al., 1995; Watanabe ef al., 1996; Kibri-a ef al., 1997; 
and Azevedo ef al., 1998). 
In several omnivorous and herbivorous fishes, nutrient 
digestibility has been reported to increase with size (Rajamani and 
Job, 1976; Windell ef a/., 1978"; Law, 1984; and Ferraris ef al., 1986). 
Lee (1997), on the other hand, could not find influence of size on 
apparent nutrient digestibility in juvenile and adult rockfish, Sebastes 
schlegeli. Some workers have found absorption efficiency to remain 
constant at varying weights (Ponniah, 1970; Victy, 1970; Edward ef al., 
1972; Elliot, 1976; Allen and Wootton, 1983; and Hogendoorn, 1983). 
Others have pointed out that, even when all the environmental 
conditions are kept unchanged and when fish are fed the same diet, 
digestibility may vary from day to day (De Silva and Anderson, 1995). 
Besides nutrient availability, knowledge of antinutrients 
associated with plant origin feedstuffs is equally essential before 
incorporation of these feedstuffs into fish diet. The antinutritionai 
factors may either be natural component of such feedstuffs or may 
result from natural contamination of raw materials (NAS-NRC, 1981; 
Halver, 1989; and De Sllva and Anderson. 1995). Some of the most 
commonly used plant products used in fish feeds like soybean meal, 
cottonseed meal, mustard oil cake, wheat bran and rice bran are not 
free from antimetabolites of one kind or the other. Incorporation of 
such feedstuffs in fish feed, beyond certain level, may depress fish 
growth and cause pathophysiological deformities resulting in mortality 
(Wolf, 1952; Van Etten, 1969; Hendricks et al., 1980; Rumsey, 1980; 
Tookey et al., 1980; Dorsa et al., 1982; Jauncey and Ross, 1982; 
Spinelli et al., 1983; Richardson et al., 1985; Hendricks and Bailey, 
1989; De Silva and Anderson, 1995; Fu ef al., 1995; and Sadiku and 
Jauncey, 1998.). Elimination of these factors is vital to improve the 
nutritional quality of ingredients. Many of the antinutritional factors can 
be eliminated, to an extent, by processes like cold or hot water 
extraction, solvent extraction, and autoclaving (NAS-NRC, 1977; Tacon 
and Jackson, 1985; and Halver, 1989). 
The knowledge concerning the effect of antinutritional factors 
from various feedstuffs on fish relate mostly to coldwater fishes, chiefly 
salmonids (Ketola, 1979; Spinelli et al., 1983; Richardson et al., 1985; 
and Satoh et al., 1989). Among warmwater fish species, some data is 
available on channel catfish, tilapia, carp, etc. (Gatlin and Wilson, 
1984; and Galtin and Phillips, 1989). 
Phytic acid, hexaphosphate of myoinositol, is a constituent of all 
cereal products and oil seed meals commonly used as fish feed 
(Jauncey and Ross, 1982; Halver, 1989; and De Silva and Anderson, 
1995). Excessive amount of phytic acid in the diet forms insoluble 
complexes with divalent cations of copper, zinc, iron and calcium at 
physiological pH values (Graf, 1986; and Nolan et al., 1987), reducing 
the bioavailability of minerals (Morris, 1986). Several workers have 
attempted to study the effect of phytic acid on fish and observed that it 
markedly reduced the biological availability of important minerals like 
calcium, magnesium, iron, phosphorus and zinc to the fish, thereby, 
affecting their growth (Roberts and Yudkin, 1960; O'Dell et al., 1972; 
and Erdman and Forbes, 1977; Richardson et al., 1985; Gatlin and 
Phillips, 1989; Satoh et al., 1989; and Lim and Akiyama, 1992). 
Gossypol and cyclopropene fatty acids are the antinutritional 
factors contained in cottonseed meal. Gossypol is a yellow phenolic 
pigment, which occurs naturally in pigment glands of cottonseed meal. 
High level of gossypol is reported to cause unfavourable physiological 
effects in fish (Lovell, 1989; Halver, 1989; De Silva and Anderson, 
1995; and Fu et al., 1995). The reaction between gossypol and protein 
reduces protein quality, especially by reducing the bioavailability of 
lysine (Dorsa et al., 1982). General symptoms of gossypol toxicity are 
reduced appetite and loss of body weight. Its presence in fish diet may 
result in anorexia and lipid deposition in the liver (Wood and Yasutake, 
1956). Some reports on the tolerance level of gossypol are available 
for species like Oncorhynchus mykiss (Roehm, et al., 1967; and 
Herman, 1970), O tsfiawyshcha (Fowler, 1980), O. kisutch and O. trutta 
(Wolf, 1952), and Ictalurus punctatus (Dorsa et al., 1982; Robinson 
and Rawles, 1983; and Robinson, 1984). These studies indicate poor 
growth and feed conversion in fishes fed diets containing higher levels 
of gossypol inclusion. 
Although the growth of aquaculture in India has been 
phenomenal, with production increasing from 7.88 tonnes in 1987 to 
1.77 million tonnes during 1996, the country is yet to tap its potential to 
the fullest for the development of aquaculture, particularly the 
freshwater aquaculture. The freshwater aquaculture sector, which 
contributes a third to the total fish production of 4.95 million tonnes, 
with an annual growth of over 6%, is estimated to have a potential 
production of 4.5 million tonnes. While carps, both exotic and 
indigenous, form the mainstay of Indian freshwater aquaculture, a host 
of other produce like catfishes, murrels, etc., are being brought into 
culture system. Among the catfishes, magur {Claries batrachus) and 
singhi {Heteropneustes fossilis) have always been in great demand and 
are supported by high prices. Lately, Clarias gariepinus has been 
clandestinely introduced in Indian waters with many fish farmers opting 
for its preferential culture over the natural variety, C. batrachus. With 
the production level of 8-10 tonnes/ha/y for Indian major carps and 3-7 
tonnes ha/y for catfishes in pond culture, emphasis is being laid 
towards more scientific and sustainable culture practices which include 
production of good quality seeds and provision of nutritive diet. 
Although feeds have been developed for a few Indian culturabie fish 
species, progress towards intensification of culture practice for many 
species remains largely affected by the nonavailability of practical 
feed, matching the nutritional needs of the concerned species. 
Supplementary feeds provided in most aquaculture practices in India 
are still confined to mixtures of rice/wheat bran and oil cakes of 
groundnut/mustard/coconut, though, of late, soybean, fishmeal and 
vitamin-mineral mixtures are supplemented with by some progressive 
fish farmers. 
Most studies on the nutrition of the Indian major carps, Catia 
catla, Labeo rohita and Cirrhinus mrigala, and the catfishes, 
Heteropneustes fossUs and Clarias batrachus remained confined to the 
assessment of their basic nutritional requirements (Jayaram, 1978; Sen 
et al., 1978; Sitasit ef a/., 1984; Renukaradhya and Varghese, 1986; 
Chuapoechuk, 1987; Boonyaratpalin, 1988; Singh and Bhanot, 1988; 
Akand et al, 1989; Khan and Jafrl, 1990; 1991; Swamy et al., 1990; 
Ravi and Devaraj, 1991; Anwar and Jafri, 1992, 1995; Firdaus, 1993; 
and Khan et al., 1993). Other work relating to nutrition of the above 
catfishes included assessment of energy and protein maintenance 
requirements (Hassan and Jafri, 1994), optimum ration/meal size 
(Reddy and Khatre, 1979; and Pakulska ef a/, 1986), feeding frequency 
(Marian et al., 1982), and growth and haematology (Firdaus et al., 
1994). A few workers have attempted to study nutrient digestibility from 
various plant and animal origin feedstuffs in major carps (Pandian, 
1967; Pandey and Singh, 1980; Singh and Pandey, 1980; Nandeesha 
ef al., 1991; Singh, 1991; 1992; Anwar and Jafri, 1995; and Erfanuilah 
and Jafri, 1998). Almost no information is available on the utilization of 
nutrient(s) from feedstuffs in H. fossiiis and C. batrachus. Likewise, 
information is lacking on the influence of various factors on nutrient 
utilization and the effect of antinutritional substances on these fishes. 
The present study was, therefore, undertaken with a view to generate 
data on the above subject, and the observations are presented in the 
form of this thesis. 
The thesis consists of two parts. Part one contains information 
on the digestibility of some selected feedstuffs determined with both 
endogenous as well as exogenous markers, and the influence of 
factors such as species, feeding frequency, temperature, size and 
d/urnal variation on the nutrient digestibility of Heteropneustes fossiiis 
(Bloch), Clarias batrachus (Linnaeus) and C. gariepinus (Burchell). 
Part two embodies data on the effect of antinutritional factors, 
dietary gossypol and synthetic phytic acid on the growth, conversion 
efficiencies, and carcass composition of the Indian major carps, 
namely, Labeo rohita (Hamilton) and Cirrhinus mrigala (Hamilton). 
The information, in addition to contributing to the existing 
knowledge on the subject, would be of interest to fish nutritionists and 
farmers, and find application in developing practical diets for semi-
intensive/intensive culture of these fishes. 
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GENERAL METHODOLOGY 
1. Source of fish stock/acclimation 
Induced bred fry and fingerling of the Indian major carp, 
Cirrhinus mrigala and Labeo rohita, were obtained from the hatcheries 
of the Uttar Pradesh State Fisheries Department. These were 
transported to the research station in oxygen filled polythene bags, 
given a prophylactic dip in KMn04 solution (1:3000) and stocked in 
outdoor cement cisterns (1 X 1 X 1 m) for a fortnight. During this 
period, the fish were fed to satiation a mixture of soybean and mustard 
oil cake, wheat bran and fishmeal (35% C.P.), twice daily at 0800 and 
1600 h. Desired number of fish were then transferred to the wet 
laboratory and acclimated to casein-gelatin (H-440) semi-purified diet 
for two weeks in 70 I flow-through type (1 l/min) high density polyvinyl 
circular tanks.Young ( 0 and 1 year-class) catfishes, namely, Clarias 
batrachus, Heteropneustes fossilis and Clarias gariepinus were 
procured from a local fish farm of Aligarh (Lat. 27° 34' 30" N. and long. 
78° 4' 26" E.) . The fishes were likewise given a prophylactic dip in 
KMn04 solution (1:3000) and stocked in indoor circular aluminium 
plastic lining (Plasticraft Corpn, Bombay, India) fish tank (water 
volume, 600 I) fitted with flow-through system and supplied with 
ground-water (water exchange rate being 2 l/min). During acclimation 
the fishes were fed to satiation low quality minced meat, once daily at 
1600 h. 
2. Feedstuffs used for digestibility estimations 
Nine different feedstuffs were used for the digestibility trials. 
These included steam-cooked brown fishmeal (Enapesca, Peru, South 
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America), laboratory prepared fishmeal (raw fish was cooked pressed 
dried at 60 °C and defatted using chloroform and methanol (2:1) as 
solvent), oil extracted soybean meal (Shakti Soya's, Coimbatore, 
India), full-fat soybean (super grade, Shimoga, Japan), dried whole fish 
(local mix of incidental sea catch), yellow corn, wheat bran and rice 
bran. Yellow corn, wheat bran and rice bran were procured from the 
local market. To obtain cooked corn, the grains were steam cooked at 
15 lb./ 30 min and dried in hot air oven (60 °C) for 48 h. All the 
ingredients were carefully packed in plastic bags and stored in a cool 
dry place. 
3. Preparation of experimental diets 
Preparation of H-440 diet 
Casein-gelatin based semi-purified reference diet was formulated 
for various experiments. Calculated quantities of dietary ingredients 
were weighed on a sensitive electronic balance (Precisa 120-A). A 
measured quantity of water was taken in a stainless steel attachment 
o 
of Hobart electric mixture and placed on a water-bath (80 C). Gelatin 
was dissolved in it with slow stirring. The bowl was removed from 
heating, and dextrin and mineral mix added to it, and the contents 
blended in Hobart mixer while still in lukewarm state. This was followed 
by the addition of remaining dietary ingredients like vitamin and oil mix 
(2:1 corn, and cod liver oil). Carboxymethyl cellulose was added in the 
last. The final diet having the consistency of bread dough was poured 
into a teflon-coated pan and placed into a refrigerator to gel. The 
prepared diet was in the form of moist cake (50% moisture) from which 
small cubes were cut and stored (-20 °C) in sealed polythene packs 
until used. The details of the mineral and vitamin premixes used (Table 
1-2) were the same as given by Halver (1989). 
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Preparation of reference diet 
Chromic oxide (1%) was added at the expense of a-cellulose to 
H-440 diet, for the preparation of a reference diet (Table 4). 
Preparation of test diets 
The preparation of test diets for the estimation of nutrient 
digestibility involved mixing of 30% of the test ingredient with 70% of 
reference diet as proposed by Cho et al. (1982). Before mixing with the 
diet, the foodstuffs were finely ground and sieved. 
4. General experimental design/feeding trial 
Fish of the desired size and number were sorted out from the 
acclimated lot, and stocked in triplicate group in 70 I polyvinyl circular 
tanks (water volume 55 I) provided with continuous flow of ground-
water. The water exchange rate in each tank was maintained at 1-1.5 
l/min. The fish were fed daily at 0800 and 1800 h and monitored after 
every hour to collect freshly voided faeces from the tank over a fine 
mesh strainer (100-ASTM) through slow siphoning, using a narrow 
plastic tube (0.8 cm diameter), to avoid breakage of faecal strings and 
minimize nutrient leaching. The faeces were pooled in a glass vial and 
stored (-20 °C) till enough samples were collected over a period of 
o 
three weeks. These were later dried (60-65 C) for subsequent 
chemical analysis. Feeding level and schedule was chosen after 
carefully observing the dietary intake and feeding behaviour of the fish. 
A natural photoperiod was maintained throughout the trial. Each 
experiment was carried out in triplicate. 
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Diets were fed in the form of moist cake till satiation. Uneaten 
food, if any, was filtered over a screen soon after active feeding to 
avoid its mixing with faeces voided. A record of dissolved oxygen and 
water temperature was maintained for each trial. Further details are 
given in specific chapters. 
5. Analytical methods 
Proximate analysis of the test ingredients (Table 3), and test and 
reference diets (Table 5) was made using standard methods (AOAC, 
1984). All chemical analyses were made in triplicate. 
Estimation of moisture 
A weighed quantity of finely ground sample was taken in a pre-
weighed glass weighing bottle and kept in a hot air oven at 100 °C for 
24 h. Later, the weighing bottle was cooled in a desiccator and 
reweighed. The procedure was repeated till two successive weighings 
produced least difference in weight. The loss in weight was expressed 
in percentage. 
Estimation of crude protein 
Crude protein was estimated using a slight modification of 
Wong's micro-Kjeldahl method, as adopted by Jafri et al. (1964). The 
principle involved digesting a known amount of sample (0.1-0.5 g) with 
nitrogen-free sulphuric acid in presence of saturated potassium 
persulphate solution as an oxidizing agent, which converts the 
nitrogenous compounds to ammonium sulphate. This was then 
nesslerized and the colour developed due to the formation of (0Hg)2 
NH2I was measured spectrophotometrically. The optical density 
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obtained was read against a standard curve of ammonium sulphate for 
nitrogen estimation. Nitrogen content was multiplied with conventional 
protein factor (6.25) to obtain the amount of crude protein. 
A weighed quantity (0.1-0.5 g) of finely ground dried sample was 
taken in a Kjeldahl flask containing 5 ml of dilute nitrogen-free 
sulphuric acid (1:1) and heated till fumes stopped evolving profusely. 
After cooling, 0.5 ml of saturated potassium persulphate was added to 
the content and heating continued till the solution became water clear. 
The digested mixture was cooled and transferred to a 50-ml volumetric 
flask and made to volume with double distilled water. 0.5 ml aliquot of 
the above was taken in a test tube and 0.1 ml each of dilute sulphuric 
acid (1:1) and saturated potassium per sulphate added to It. The 
volume was raised to 3 ml with distilled water. The solution was then 
nesslerized, using 7 ml of Bock and Benedicts nesslers reagent (Oser, 
1965), mixed well and allowed to stand for 10 min before measuring 
the absorbance on a spectrophotometer at 480 nm. A blank was 
prepared side by side replacing the aliquot with double distilled water. 
The amount of nitrogen was obtained by reading the absorbance 
against a standard calibration curve (Fig. 1), prepared by plotting 
absorbance values against graded concentrations of ammonium 
sulphate. The nitrogen value was multiplied with 6.25 to obtain the 
amount of crude protein. 
Estimation of crude fat 
Crude fat was quantified using the soxhiet exhaustive extraction 
technique with petroleum ether (40-60 "C B.P.) as solvent. A weighed 
quantity of dry powdered sample (2-3 g) was taken in a Whatman fat 
extraction thimble, cotton plugged and placed in the soxhiet apparatus. 
A clean dry soxhiet receiver flask was weighed and fitted to the soxhiet 
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assembly on a boiling waterbath for extraction which was continued for 
12-16 h. After extraction, the flask was removed and kept in a hot air 
oven (100 °C) to evaporate the traces of solvent. It was then 
transferred to a desiccator, cooled and reweighed. From the increase 
in the weight of the flask, the quantity of the crude fat extracted was 
calculated and expressed in per cent. 
Estimation of ash 
2-5 g of the powdered dry sample was taken in a pre-weighed 
silica crucible and incinerated (600 "C) in a muffle furnace for 3-4 h. 
The crucible containing the ash was cooled in a desiccator and 
reweighed to calculate the per cent of ash in the sample. 
Estimation of crude fibre 
Crude fibre was measured as loss on ignition of dried residue 
remaining after digestion of sample with standard solution of sulphuric 
acid and sodium hydroxide under specified conditions (AOAC, 1984). 
2 g of the dry, powdered fat-free sample was taken in a spoutless 
conical flask and 200 ml of 1.25% boiling sulphuric acid added to it. 
The contents were boiled for 30 min. Broken aluminium chips were 
added to prevent bumping. The solution was removed from heating and 
the residue collected over a sintered flask and washed with boiling 
water several times and again transferred to the conical flask. To this 
was added 200 ml of sodium hydroxide solution (1:25% w/v) and the 
content boiled for another 30 min. At the end of the boiling, the mixture 
was filtered, and the residue washed with boiling water. To remove 
traces of water, the residue was washed thrice with ethanol, 
transferred to a silica crucible and dried (110 °C) to a constant weight. 
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It was then allowed to cool in a desiccator, weighed, and incinerated at 
600 °C for 2 h in a muffle furnace. After complete incineration, the 
crucible was cooled in a desiccator and reweighed to calculate the per 
cent of crude fibre. 
Estimation of hydrolysis resistant organic matter (HROIM) 
Modified technique of Crampton and Maynard (1938), as 
proposed by Buddington (1980) was used to determine hydrolysis 
resistant organic matter in the sample. 
A weighed amount of sample (0.3-0.5 g) was digested in 15 ml 
acetic acid (80%) and 1.5 ml concentrated nitric acid for 20 min at a 
gentle boil. Following the addition of ethanol (70%), the sample was 
transferred to alundum crucible, rinsed successively with hot alcohol, 
hot benzene and petroleum ether to remove hydrolysed organic matter, 
and dried (100 °C). The material lost on ignition (550 °C, 12 h), 
representing HROM, was then calculated and expressed as per cent of 
the original sample weight. 
Estimation of acid insoluble ash (AIA) 
Acid insoluble ash was determined by the method proposed by 
Atkinson e^ a/. (1984). AIA was determined by incinerating 
approximately 0.5 g of the sample in a muffle furnace for 16 h at 550 
°C. The resultant ash was boiled in 75 ml of 1-1.5 v/v HCI for 5 min and 
filtered through ashless filter paper (94 grade), and the residue washed 
with boiling distilled water. The filter paper with residue was 
incinerated for 16 h at 550 °C. The residue obtained was expressed as 
per cent AIA. 
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Estimation of chromic oxide 
Chromic oxide was estimated using the acid digestion technique 
(Furukawa and Tsukahara, 1966). Dried homogeneous samples of test 
diet, and faecal matter (0.1 g) containing chromic oxide were 
separately taken in a Kjeldahl flask and digested by heating in 5 ml of 
concentrated nitric acid for about 30 min to remove organic matter. To 
prevent the content from complete drying, more nitric acid was added, 
if required. The mixture was removed from heating, allowed to cool, 
and 3 ml of perchloric acid (60%) added to it. Heating was resumed till 
fumes stopped evolving, indicating disappearance of all traces of nitric 
acid. Oxidation of chromic oxide to dichromate was indicated by the 
appearance of a brilliant golden yellow colour. After cooling, the 
content was washed thoroughly into a 100 ml volumetric flask, and the 
volume made to mark with distilled water. After standing the solution 
for 10 min at room temperature for complete colour development, the 
optical density was measured on a spectrophotometer at 350 nm. The 
concentration of chromic oxide in the sample was measured as 
absorbance (Fig. 2). 
Estimation of free gossypol 
Free gossypol was quantified with the method as described by 
Raj and Ali (1982). Finely ground sample of cottonseed meal (1-5 g) 
was taken in 250 ml glass stoppered bottle and shaken for an hour in 
50 ml of aqueous acetone solution. The suspension was then filtered, 
discarding the first few ml of the filtrate. 2-10 ml of the above filtrate 
was taken in two sets of clean dry glass test tubes. To the aliquot of 
the one set was added 25 ml of aqueous isopropyl alcohol (soln A), 
while to the other (soln B) 2 ml of redistilled aniline and a volume of 
aqueous acetone equal to the volume of aliquot was added. The tubes 
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were then kept in a boiling waterbath for 30 min. Afterwards, these 
were cooled to room temperature and the content mixed with few ml of 
aqueous isopropyl alcohol, and later diluted with the same to 25 ml. 
The tubes were allowed to stand for 10 min for complete colour 
development. The intensity of colour in the solution was measured on a 
spectrophotometer at 480 nm. The instrument was set to 0 absorbance 
with aqueous isopropyl alcohol, and the absorbance of soln A 
determined. The absorbance of soln B was read against the reagent 
blank. Correction absorbance was calculated by subtracting the 
absorbance of soln A from that of soln B. The amount of gossypol 
present in the sample was read against a calibrated curve prepared by 
using various dilutions of standard gossypol solution (Fig. 3). 
Free gossypol in the sample was calculated as follows: 
Free gossypol (%) = G X 60/WV 
where, G was the graph reading; W was weight of the sample taken; 
and V was the aliquot volume used. 
All spectrophotometric measurements were made on 
microprocessor-controlled split-beam Spectronic 1001 
spectrophotometer (Milton Roy Company, USA). 
6. Assessment of growth and conversion efficiencies 
Calculations of growth parameters and conversion efficiencies 
were made according to following standard definitions (Hardy, 1989; 
Hanley, 1991). 
(i) Per cent gain in live weight = 100 X (BWf - BWi) / BWi 
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where, BWi and BWf were the average initial and final body 
weight (g) of fish. 
(ii) Specific growth rate (%) 
=100 X log^ final weight (g) - log^ initial weight/duration (days) 
(iii) Feed conversion ratio 
=Dry weight of food offered (g)/weight gain (wet.g) 
(iv) Protein efficiency ratio 
=Wet weight gain (g)/ protein fed (g, dry basis). 
7. Assessment of nutrient digestibility 
The per cent apparent digestibility (AD) for dry matter and 
nutrients in the reference and test diets were calculated as described 
by Choef a/. (1982). 
AD = 100- [100 X {% nutrient in faeces/ % nutrient in diet} X {% 
Cr203 in feed/ % Cr203 in faeces}] 
The dry matter and nutrient AD (%) in the test ingredient were 
calculated from digestibility for the reference and test diets, on the 
basis of 30% substitution of the test ingredient for the reference diet 
using the following formula of Cho et al. (1982): 
AD of test ingredient = 100/30 (AD% of test diet - 70/100 AD% of 
reference diet) 
20 
8. Statistical analysis 
The data was statistically analysed using the central computer 
facility. Comparisons among the treatment means or between the initial 
and final values of the same treatment mean were made by one way 
analysis of variance (ANOVA), folbwed by Duncan's Multiple Range 
Test at 0.05% probability level (Duncan, 1955; Snedecor and Cochran, 
1967;and Sokal and Rohlf,1981). 
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Table 1. Composition of mineral mix* 
Minerals g/IOOg 
Calcium biphosphate 13.48 
Calcium lactate 32.40 
Ferric citrate 2.97 
Magnesium sulphate 13.70 
Potassium phosphate (Dibasic) 23.86 
Sodium biphosphate 8.72 
Sodium chloride 4.32 
Aluminium chloride.eHsO 0.015 
Pottassium iodide 0.015 
Cuprous chloride 0.010 
Magnesium sulphate.H2O 0.080 
Cobalt chloride 0.100 
Zinc sulphate 0.300 
•Halver, 1989 
Table 2. Composition of Vitamin premix* 
Vitamins 
a-Cellulose 
Choline chloride 
Inositol 
Ascorbic acid 
Niacin 
Calcium pantothenate 
Riboflavin 
Menadione 
Pyridoxine HCi 
Thiamine 
Folic acid 
Biotin 
a-tocopherol acatate** 
Vitamin B12 (10mg/5000 ml water) 
g//100g 
8.000 
0.500 
0.200 
0.100 
0.075 
0.050 
0.020 
0.004 
0.005 
0.005 
0.0015 
0.0005 
0.04 
0.00001 
*Halver, 1989 
** Incorporated with oil 
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Table 4. Ingredient composition of reference diet 
Ingredients g/IOOg 
Casein (84.0% C.P.) 38.09 
Gelatin (87.6% C.P.) 9.20 
Dextrin 30.00 
Com oil 4.67 
Cod-liver oil 2.33 
Mineral mix* 4.00 
Vitamin mix* 1.00 
a-Cellulose 7.71 
Cart>oxymethyl cellulose 2.00 
Chromic oxide 1.00 
*Halver. 1989 
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PART 1 
Chapter I 
ESTIAATION OF DRYMATTER AND PROTBN DfGESTBiUTY JN THE 
CATFISH HETB^OPNEUSTES FOSSUS (BLOCH) USMG ENDOGENCXJS 
AND EXOGENOUS MARKERS 
Introduction 
Digestibility, the extent to which dietary nutrients are broken 
down and absorbed from the digestive tract, is considered an important 
parameter in dietary evaluation and feeding ecological studies (Welch, 
1968). Digestibility in fish has been determined using gravimetric 
measurements (Post et a/.,1965; Smith, 1971; Choubert et al., 1979; 
Schmitz et al., 1984; and Pandlan and Marian, 1985), inert markers 
(Furukawa and Tsukahara, 1966; Page and Andrews 1973; Buddington, 
1980; Jobling, 1981; De Silva and Parera, 1983; Tacon et al., 1983; 
Wetherbee and Gruber,1993; and Thorrson et a/., 1997) and Isotopic 
markers (Kleiber, 1975). The difficulty encountered during the 
gravimetric measurements led to the use of inert markers as a 
promising substitute for digestibility estimates. The use of these 
markers, besides being convenient, was also found economical (Nose, 
1967; and Kotb and Luckey, 1972). Among exogenous markers, 
chromic oxide remained as the most commonly used marker in studies 
with fish (Furukawa and Tsukahara, 1966; Austreng, 1978; Windell et 
al., 1978^ Cho and Slinger, 1979; Smith et al., 1980; Plakas and 
Katayama, 1981; Hossain and Jauncey, 1989^; Anwar and Jafri, 1995; 
Jiankai e^ al., 1995; Wenzhang et al., 1995; Lee, 1997; and Aksnes 
and Opstvedt, 1998). Naturally occurring indigestible food component 
have also been used as dietary indicators/endogenous markers in 
estimating nutrient digestibility. They included crude fibre, hydrolysis 
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resistant organic matter, hydrolysis resistant ash/acid insoluble ash, 
ash and n-alkanes (Buddington, 1980; De Silva and Parera, 1983; 
Tacon et al., 1983; Wetherbee and Gruber, 1993; Sintayehu et al., 
1996; Thorrson et al., 1997; and Gudmundson and HaJidorsdottir, 
1995). Pandian and Marian (1985) proposed the use of nitrogen as a 
suitable index for determining the absorption efficiency in fishes. The 
differential rate of movement of chromic oxide in the digestive tract 
appeared as the main cause for the preferential use of such 
endogenous markers (Bowen, 1978; De Silva and Oweyemi, 1983; De 
Silva and Parera, 1983; Kaushik and Oliva-Teles, 1985; and Lorico-
Querijero and Chiu, 1989). A few comparisons have also been made 
among and between the performance of endogenous and exogenous 
markers (Buddington, 1980; De Silva and Parera, 1983; Tacon and 
Rodrigues, 1984; and De Silva, 1985). 
In India, digestibility of feed ingredients has been reported for 
the common carp, Cyprinus carpio, the grass carp, Ctenopharyngodon 
idella, and the Indian major carps, namely, Cirrhinus mrigala. Labeo 
rohita and Catia catia, using chromic oxide as a marker (Singh, 1992; 
and Anwar and Jafri, 1995). 
In view of lack of sufficient information on the nutrient 
digestibility in other culturable fish species, as also on the performance 
of endogenous and exogenous markers, a detailed study was 
conducted on the catfish, Heteropneustes fossHis. This species is 
cultured in India singly or in combination with Clarias batrachus. In 
culture condition these fishes are generally fed mixture of trash fish 
and rice bran (1:1). Feeding these fishes with fish-offal, 
slaughterhouse waste or dried silkworm pupae, mixed with rice bran 
and oil cakes, has also been recommended (Dehadrai, 1980). 
Assessment of nutrient digestibility of such feedstuffs, using reliable 
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technique, is essential for their effective incorporation in fish diet. 
Using a reference diet, both exogenous (chromic acid) and endogenous 
(hydrolysis resistant organic matter, acid insoluble ash, crude fibre and 
ash) markers were employed to estimate the dry matter and protein 
digestibility of some low-cost high protein (soybean meal, dried fish 
and fishmeal) and low protein (raw ground corn, wheat bran and rice 
bran) feedstuffs in the above species. 
Materials and Methods 
Experimental fish 
Source of fish, their acclimation, and the details of general 
experimental design have been described elsewhere (page 11). 
Young H.fossilis (9-11 cm; 6-8 g) were stocked in indoor, round 
plastic pools ( Plasticrafts, Mumbai, India; 4ft X 3ft X 3ft; water volume 
600 I ) fitted with flow-through system (1-1.5 l/min) in wet laboratory. 
Feedstuffs 
The feedstuffs used for the digestibility estimates included 
soybean meal (Shakti Soya^s, Coimbatore, India), laboratory prepared 
fishmeal (raw fish cooked, press dried-60 °C, 72 h), and defatted with 
2:1 chloroform and methanol), dried whole fish (mixed incidental sea 
catch), ground raw corn, wheat bran and rice bran (procured from local 
market). All the feedstuffs were carefully packed in plastic bags and 
kept in a cool dry place. The proximate composition of feedstuffs is 
given in Table 3 (see General Methodology section). 
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Experimental diets 
The apparent dry matter and protein digestibility (%) were 
estimated using a casein-gelatin based reference diet (40% CP), 
prepared as per the gross protein requirement of H. fossilis (Akand et 
al., 1989). The method of preparation of the experimental diet, and the 
composition of the mineral and vitamin mixture were according to 
Halver (1989). Chromic oxide (1%) was used as an exogenous marker. 
Crude fibre, hydrolysis resistant organic matter, acid insoluble ash and 
ash were employed as endogenous markers. The test diets were 
prepared by mixing the test ingredient (30%) with the reference diet 
(Cho et al., 1982). The use of reference diet was made to ensure that 
the fish obtained all the essential nutrients, including essential amino 
acids, required for normal growth. The proximate composition of the 
reference and the test diets are given in Table 5 (General 
Methodology). 
Experimental trial 
Prior to feeding the test diets, the fish were acclimated to the 
reference diet for a fortnight. Fish were fed the reference diet till 
satiation at 0800 and 1800 h. Thereafter, the fish were stocked in 
triplicate set of 25 fish each in 70 I polyvinyl circular indoor flow-
through (1-1.5 l/min.) troughs (water volume 55 I). Natural photoperiod 
was maintained throughout the experiment. The average water 
temperature and dissolved oxygen during the trial were 28+1 "C and 
6.2+1 ppm, respectively. Fish were acclimated to test diets for a week 
prior to the commencement of the faecal collections. Fish were fed the 
reference and the test diets in the form of moist cake (50% moisture). 
The faecal collections were made using a fine plastic mesh (ASTM-
100), 8-10 h after feeding, by immediate siphoning with a plastic tube 
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(4-5 mm dia.) for 2 h. Soon after collection, the faeces were frozen (-20 
°C). Faecal collections of seven days were pooled, and four such 
samples collected over 28 days were stored at - 2 0 °C until the end of 
the trial. 
Analytical methods 
All chemical analyses were made in triplicate. Test ingredients 
and faecal samples were dried (60 °C, 48h), pulverized, weighed and 
analysed for their proximate composition using standard analytical 
techniques (AOAC, 1984) as described under General Methodology 
(page 14-17). Chromic oxide was determined by the acid digestion 
technique of Furukawa and Tsukahara (1966). Modified technique of 
Crampton and Maynard (1938) proposed by Buddington (1980) was 
used to estimate hydrolysis resistant organic matter. A known amount 
(0.3-0.5 g) of sample was digested with acid followed by washing with 
organic solvent and ignition (550 °C) for 12 h. Acid insoluble ash was 
determined by incinerating approximately 0.5 g of the sample in a 
muffle furnace (550 °C, 16h). The resultant ash was washed with acid 
and reincinerated (Atkinson et al., 1984). Details of the analytical 
methods have been given under General Methodology (page 17-18). 
Calculation of digestibility 
The apparent dry matter and protein digestibility (%) of the 
reference and test diets, and the test ingredients were determined 
using the method of Cho et al. (1982) as given under General 
Methodology (page 20) 
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Statistical analysis 
The data were statistically analysed using one way analysis of 
variance (ANOVA; P<0.05). Duncan's multiple range test (Snedecor 
and Cochran, 1967; and Sokal and Rohlf, 1981) was employed to test 
the homogeneity of variance within the treatment means. 
Results 
The proximate composition of feedstuffs used for digestibility 
trials are given in Table 3 under General Methodology section. 
The total amount of hydrolysis resistant organic matter, acid 
insoluble ash, crude fibre, ash and chromic oxide consumed and 
voided by the fish fed different test diets are given in Table 1. The 
amount of marker in the diet and recovered in the faeces did not differ 
significantly (P>0.05; Students' t-test). 
The apparent dry matter and protein digestibility (%) of the 
reference and test diets are given in Table 2-3. The digestibility values 
for the dry matter and protein of the test ingredients are given in Table 
4-5 (Fig. 1-2). It is discernible from the data that, in general, 
digestibility estimates did not vary significantly (P>0.05) with the type 
of marker used. However, with each marker protein digestibility varied 
significantly (P<0.05) with the feedstuffs tested. 
It is noted that, irrespective of the type of marker used, soybean 
(96.86-99.67%), dried fish (94.89-98.98%), fishmeal (91.15-97.29%) 
and raw corn (91.69-98.75%) showed higher values for dry matter 
digestibility than wheat bran (87.95-97.52%) and rice bran (80.03-
97.00%) (Table 4). In general, the dry matter digestibility estimated for 
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different feedstuffs with acid insoluble ash, hydrolysis resistant organic 
matter and crude fibre gave relatively high and insignificantly (P>0.05) 
different values. Dry matter digestibility estimated with ash produced 
values comparable (P>0.05) to those estimated with hydrolysis 
resistant organic matter, acid insoluble ash, crude fibre and chromic 
oxide. 
Apparent protein digestibility for the test ingredients like soybean 
meal (95.39-99.38%), dried fish (91.12-96.92%), fishmeal (90.32-
99.01%) and wheat bran (86.01-97.05) estimated with endogenous as 
well as exogenous marker did not vary significantly (P>0.05) (Table 5). 
High protein ingredients like soybean meal, dried fish, and fishmeal 
gave higher digestibility values than the low protein ingredients (raw 
corn, wheat bran and rice bran). For most of the ingredients, the values 
obtained for apparent protein digestibility with endogenous markers 
were insignificantly (P>0.05) different from each other. The only 
exception being raw ground corn and wheat bran where significantly 
(P<0.05) higher apparent protein digestibility values were noted when 
acid insoluble ash was used as a marker. The protein digestibility for 
raw corn and rice bran determined with chromic oxide were found to be 
significantly (P<0.05) low when compared to the values obtained with 
endogenous markers. 
Discussion 
As can be seen from the data, the apparent dry matter and 
nutrient digestibility of various feedstuffs estimated with endogenous 
and exogenous markers appear insignificantly different in most cases. 
Buddington (1980), working on rainbow trout (Salmo gairdneri) 
and three species of tilapia {Tilapia aurea, T. mossambica, T. nilotica), 
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made similar observations on digestibility estimated with chromic oxide 
and hydrolysis resistant organic matter. 
Standard ash has been used as an internal marker by several 
vt^orkers in the past for digestibility studies conducted on tropical 
marine fishes (Montgomery and Gerking, 1980; Chartock, 1983; 
Lassury, 1984; Nelson and Wilkins, 1988; and Targett and Targett, 
1990). In the present study, the digestibility values estimated with ash 
as a marker for almost all the ingredients were higher than the values 
obtained with chromic oxide. The values were, however, lower than 
those obtained with hydrolysis resistant organic matter, acid insoluble 
ash and crude fibre. Galleto and Bellwood (1994) reported that salt in 
the ash component of food and faeces may affect the calculated 
digestibility. 
Higher apparent drymatter and protein digestibility was evident in 
H. fossilis only for a few ingredients when acid insoluble ash was used 
as a marker. Investigations carried out by De Silva and Parera (1983) 
on the digestibility of aquatic macrophyte by the cichlid, Etroplus 
suratensis revealed constantly higher values with acid insoluble ash 
than with hydrolysis resistant organic matter and crude fibre. Similarly, 
Jones and De Silva (1998) obtained highest values for acid insoluble 
ash in freshwater crayfish {Cherax destructor), and also observed that 
digestibility coefficients determined with chromic oxide were 
significanly higher than those obtained with ash or crude fibre. In a 
study on Or)corhynchus mykiss, apparent digestibility coefficient 
determined with acid insoluble ash was found to be inconsistent and 
higher than the values calculated by using chromic oxide as a marker 
(Kabir et al., 1998). Tacon and Rodrigues (1984) found significantly 
higher apparent protein digestibility values in rainbow trout (S. 
gairdneri) when crude fibre and chromic oxide were used as marker. 
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They reported that the performance of acid insoluble ash was poor and 
disappropriate due to wide variation in digestibility. 
In the present study, involving six different test ingredients, both 
proximate composition and the amount of endogenous markers (crude 
fibre, acid insoluble ash, hydrolysis resistant organic matter, and ash) 
varied markedly in the experimental diets. The variations obtained in 
drymatter and protein digestibility of the feedstuffs with each marker 
could be related to the above differences in composition, as also to the 
physical and chemical characteristics of the marker, which may also be 
influencing the individual flow patterns through the gastrointestinal 
tract with respect to the digesta. The ability of fish to digest and absorb 
these indigenous markers may also lead to variations in digestibility 
estimates. Previous investigations have shown that fish do not possess 
enzymes capable of hydrolysing 1-4 linkages present in the 
carbohydrate polymer cellulose (Stickney, 1976; and Van Dyke and 
Sutton, 1977). Nevertheless, findings on assimilation of cellulose and 
hydrolysis resistant organic matter by different species remain 
contradictory. Smith and Lovell (1972) reported cellulose digestion up 
to 1.47% in channel catfish, Ictalurus punctatus, while Bowen (1981) 
reported assimilation of small but significant fraction of hydrolysis 
resistant organic matter in the detrital aggregate by T. mossambica. 
Niederholzer and Hofer (1979) also reported some cellulolytic activity 
in rudd, Scardinius erythrophthalmus, and roach Rutilus rutilus. 
Whereas, the inability of rainbow trout (S. gairdneri) to degrade 
heteropolysaccharide or maintain a symbiotic gut microflora capable of 
hydrolysing these compounds (Austreng, 1978; Bergot, 1981; and 
Bromley and Adkins, 1984) supports the use of crude fibre as a tool for 
estimating feed digestibility. 
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Wetherbee and Gruber (1993) stated that acid insoluble ash offer 
several advantages over other reference substances used in measuring 
digestibility efficiency in fish but indicated that this marker may not 
remain uniformly mixed with the food throughout the digestive process 
resulting in variable estimation of absorption efficiency. 
Thus, despite their use, each endogenous marker is reported to 
have its own limitation with respect to its absorption efficiency and 
uniform mixing with the digesta. In the present study on H.fossilis, 
none of the endogenous markers showed any clear advantage over the 
other or over the exogenous marker. However, chromic oxide, as an 
exogenous marker gave more consistent values for digestibility. 
Summary 
Evaluation of apparent drymatter and protein digestibility (%) of 
some selected plant and animal origin feedstuffs was carried out in the 
catfish, H. fossilis (9-11cm; 6-8 g) using exogenous (chromic oxide) 
and endogenous (hydrolysis resistant organic matter, acid insoluble 
ash, crude fibre and ash) markers. The experimental trials were 
conducted in triplicate sets of 25 fish each in 70 I polyvinyl circular 
indoor flow-through (1-1.5 l/min) tanks (water volume 55 I). Fish were 
fed to satiation twice daily at 0800 and 1800 h. Freshly voided faeces 
was collected daily through siphoning. In general, digestibility varied 
insignificantly (P>0.05) with the type of marker used. However, with 
each marker the protein digestibility varied significantly (P<0.05) with 
the feedstuffs tested, and these variations may be attributed to the 
composition of the feedstuffs, as also to the flow pattern of the marker 
through the gastrointestinal tract with respect to the digesta. The study 
demonstrates that chromic oxide, used as exogenous marker for 
nutrient digestibility estimates, produces more consistent values. 
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Chapter II 
NUTRIENT DIGESTIBILITY STUDIES IN SOME CATFISH 
SPECIES 
Introduction 
Digestibility, considered as more quantitative aspect of digestion 
process, is a relative measurement of the extent to which ingested food 
and its nutrient components have been digested and absorbed by the 
animal (De Silva and Anderson, 1995). Its determination allows a 
thorough estimation of the nutritive value of a particular protein source 
in a complete diet for fish (Plakas and Katayama, 1981). 
Polyculture of major carps has become a common practice in 
India. Lately, the culture of air-breathing catfishes has also gained 
attention due to growing demand for fish protein. Heteropneustes 
fossilis and Claries batrachus, abundantly found in derelict and marshy 
areas, are a promising source of protein. Usually cultured on traditional 
lines, intensive culture of these fishes has resulted in production of up 
to 7272 kg/ha/6 1/2 months for C. batrachus and 36,000 kg/ha/yr for H. 
fossilis (Thakur, 1991). 
African catfish, Clarias gariepinus, regarded important for 
aquaculture, is commonly cultured in combination with tilapia, 
Oreochromis niloticus (Haylor, 1993). Recently, culture of C. 
gariepinus has also been undertaken successfully by private fish 
farmers at many places in India. Extensive work has been done on 
various aspects of nutrition of this fish (Henken e^ a/., 1985, 1986, 
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1987; Huisman and Richter, 1987; and Mgbenka and Agua, 1990). 
Nutritional studies conducted on H. fossilis and C. batrachus are 
mostly related to the assessment of their requirement level (Niamat 
and Jafri, 1984; AICRP, 1987; Chuapoechuk, 1987; Akand et ai, 1989, 
1991; Khan and Jafri, 1990; Mollah and Alam, 1990; and Anwar and 
Jafri. 1995). 
The present study was undertaken with a view to evaluate the 
apparent crude protein digestibility of a variety of plant and animal 
origin feedstuffs in the above fish species. Fat digestibility of these 
foodstuffs was tested for C. batrachus and C. gariepinus, wherein the 
influence of feeding frequency on protein digestibility was also studied. 
The ingredients tested include full-fat soybean and soybean meal 
{Glycine max), fishmeal (laboratory prepared), Peruvian brown 
fishmeal, dried fish (mixed incidental sea catch), raw and cooked 
yellow corn (Zea mays), wheat bran {Triticum aestivum) and rice bran 
(Oryza sativa). 
Materials and Methods 
Experimental fish 
Young Clarias batrachus (16-18 cm, 45-50 g), C. gariepinus (21-
22 cm; 60-65 g) and Heteropneustes fossilis (10-12 cm; 10-15 g), 
obtained from local fish farms, were stocked in large plastic pools and 
fed upon low quality minced meat. After a fortnight, the fishes were 
transferred to wet laboratory where these were gradually acclimated to 
H-440 (Halver, 1989) diets for two weeks. Prior to feeding trials, the 
fishes were randomly stocked, in triplicate groups of 25 fish each, in 70 
I high density polyvinyl flow-through (1-1.5 l/min) circular tanks (water 
volume 55 I). Fishes were fed twice daily at 0800 and 1800 h. For C. 
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gariepinus and C. batrachus where Influence of feeding frequency was 
Investigated, a series of tanks (In triplicate group) with the same 
stocking level was taken and feeding frequency raised to four times a 
day at 0800, 1100, 1400 and 1700 h. The faecal matter was collected 
for digestibility estimates by continuous siphoning as described 
elsewhere (page 13). 
Feedstuffs 
The feedstuffs used for the digestibility trial were procured, 
processed, and stored in the manner described under General 
Methodology (page 12). The proximate composition of the feedstuffs 
has been given in Table 3 under General Methodology section. 
Experimental diets 
The apparent protein and fat digestibility (%) were estimated 
using a reference and the test diets (Cho et ai, 1982). Casein and 
gelatin were used as protein sources in reference diet (Table 4, 
General Methodology). Use of reference diet was made to ensure that 
the fishes obtain all the essential nutrients for normal growth according 
to their dietary requirements (Akand et a/., 1991; and Firdaus, 1993). 
Composition of mineral and vitamin premixes was according to Halver 
(1989). The proximate composition of the reference (40% crude 
protein, 1% chromic oxide) and test (30% test ingredient + 70% 
reference diet) diet are given in Table 5 (General Methodology). 
Details of the preparation of diets have been discussed elsewhere 
(page 12-13). 
34 
Analytical method 
All chemical analyses were made in triplicate. Test ingredients, 
diets and faecal samples were homogenized to powder form, weighed 
and analysed for their proximate composition using standard methods 
(AOAC, 1984). Chromic oxide was estimated with acid digestion 
technique as given by Furukawa and Tsukahara (1966). 
Calculation of digestibility 
The apparent nutrient digestibility (%) of the reference and test 
diets and that of the test ingredients was calculated using the method 
of Cho et a/.(1982). Details of the calculations are given under General 
Methodology (page 20) 
Statistical Analysis 
The data was subjected to one way analysis of variance. 
Significant differences between treatment means were compared using 
Duncan's multiple range test and Student's t-test (Snedecor and 
Cochran, 1967; and Sokal and Rohlf, 1981) at 0.05% level of 
probability. 
Results 
The apparent protein and fat digestibility (%) of the reference 
and test diets for C batrachus, C. gariepinus and H. fossilis are given 
in Table 1 and 3. The protein digestibility values were significantly 
(P<0.05) different among the feed ingredients tested for all the three 
species (Table 2, Fig 1). However, the digestibility values for most of 
the feedstuffs were comparable (P>0.05) between the species. The 
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reference diet was found to be efficiently digested (98.72-99.70%) by 
the three catfish species. Soybean meal was most efficiently utilized 
(91.00-97.33%) and gave significantly higher (P<0.05) values than full-
fat soybean (84.63-87.49%). Laboratory prepared fishmeal (87.02-
97.76%) was more readily digested than the brown fishmeal (73.10-
77.86%). Protein digestibility for dried fish was poorer (P<0.05) in C. 
batrachus (77.02%) and C. gariepinus (78.73%) than in H. fossilis 
(90.12%), whereas, for raw yellow corn the crude protein digestibility 
for H. fossilis (77.25%) was lower (P<0.05) than in C. batrachus 
(81.74%) and C. gariepinus (85.00%). Among the bran, the protein 
digestibility for wheat bran was significantly higher (84.39-87.41%) 
than that of rice bran, which ranged between 61.05-66.47%. Cooked 
yellow corn produced significantly (P<0.05) higher protein digestibility 
(88.03-96.15%) in all the three fish species. 
The digestibility for fat (Table 4, Fig 2) was fairly high (P>0.05) in 
C. batraclius and C. gariepinus, ranging from 85.21-87.07% for cooked 
yellow corn to 90.95-92.17% for soybean meal. Fat digestibility was 
significantly (P>0.05) low for wheat bran and rice bran, and ranged 
between 78.25-82.21%. 
The data on the influence of feeding frequency, when increased 
from twice to four times a day, on the digestibility of test ingredients is 
given in Table 5 (Fig 3). A significant decline (P<0.05) in protein 
digestibility, ranging between 9-14.4% in C. gariepinus, and 10-19% in 
C. batrachus, was observed for the ingredients tested. 
Discuss ion 
In India, catfishes are generally reared on extensive basis using 
a mixture of rice bran and mustard oilcake as supplementary feed. 
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There is, however, an increasing interest in the development of 
intensive culture of these fishes and the need for developing suitable 
cost-effective diet for such practice is being emphasized. Scanning of 
locally available lov\^-cost feedstuffs for their nutritive richness and 
digestibility is considered essential for their effective incorporation in 
fish ration. The estimated proximate composition of feedstuffs used in 
the present study compare favourably with the values reported in 
earlier publications (NAS-NRC, 1981, 1983; and Jafri etal., 1992). 
It is evident from the data that all the three species of catfishes 
effectively utilize protein from plant as well as animal sources, 
reflecting possibly towards their omnivorous habit. Better utilization of 
soybean meal in comparison to fishmeal noted in these fishes bear a 
corollary to similar observations on the grass carp, Ctenopharyngodon 
idella (Law, 1986), Indian major carps, Catia catia, Labeo rohita and 
Cirrhinus mrigala (Anwar and Jafri, 1995), and channel catfish, 
Ictalurus punctatus (Wilson and Poe, 1985). Values quoted for fishmeal 
in tilapia, Oreochromis niloticus (Jauncey, 1982) and carp, Cyphnus 
carpio (Hossain and Jauncey, 1989) are in concurrence with the 
present study. Lorico-Querijero and Chiu (1989) recorded high 
availability of both plant and animal protein for tilapia, O. niloticus, 
whereas, in other studies on Mystus nemurus (Khan, 1994), Ictalurus 
punctatus (Cruz, 1975), and C. carpio (Degani et al., 1997) digestibility 
values for fishmeal were found higher than that of soybean meal. 
Interestingly, soybean meal and fishmeal were reported to be utilized 
with equal efficiency in S. gairdneri (Nose, 1967), /. punctatus (Brown 
and Strange, 1985), C. carpio (Ogino and Chen, 1973; and Kim, 1974) 
and Anguilla anguilla (Schmitz et al., 1984). The apparent crude 
protein digestibility values for brown fishmeal observed in the catfishes 
during the present study were comparable to the values reported for C. 
carpio (Kim, 1974). Wheat bran has been reported to be effectively 
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utilized by the Indian major carps (Anwar and Jafrl, 1995), although 
Hossain and Shikha (1996) pointed to its poor protein digestibility in 
Labeo rohita. Protein digestibility observed for rice bran in the present 
study on catfishes was the poorest in comparison to values quoted by 
other workers (Wilson and Poe, 1985; Singh, 1992; Khan 1994; and 
Anwar and Jafri, 1995). The poor protein utilization from rice bran and 
dried fish could be due to the negative impact of fibre and ash on 
nutrient digestibility (Khan, 1994; and De Silva and Anderson, 1995). 
The improved digestibility of yellow corn as noted in the present 
study upon cooking may be attributed to modification in tertiary 
structure of its protein (Smith, 1977; Piesker, 1992; and De Silva and 
Anderson, 1995). In contrast, El-Sayed (1991) observed no significant 
increase in protein digestibility of tilapia fed cooked sugarcane 
bagasse. Similarly, in rainbow trout (S. gairdneri), apparent protein 
digestibility was not found to vary significantly between raw and 
extruded carbohydrate (Kaushik et al., 1989). 
Recently, Pongmaneerat and Watanabe (1991) studied the effect 
of dietary inclusion of graded levels of different protein sources on 
growth and protein utilization in carp. Although the apparent protein 
digestibility values of different protein sources tested by these workers 
were high (ranging between 87-95%), their performance in terms of 
growth were reported to be very different, being highest with white 
fishmeal, followed by soybean meal, meat meal and corn-gluten meal. 
These studies stressed the fact that mere determination of digestibility 
values of feedstuffs may be insufficient since biological values of each 
protein source is affected by its indispensable amino acid composition 
and availability. 
3« 
As can be observed from the data obtained during the present 
study, the apparent digestibility for fat were high in the catfishes for 
raw soybean, soybean meal, fishmeal and dried fish (89-92%), closely 
followed by raw and cooked yellow corn (85-87%). The values were 
relatively low for wheat bran and rice bran (78.25-82.21%). Higher lipid 
digestibility values have also been reported in Indian major carp, C. 
mrigala (Singh, 1991) and tilapia, O. niloticus (Hossain et ai, 1992) fed 
oil seed based diets, and in carp, C. carpio fed grains and their by-
products (Kirchgessner et ai, 1986). Values reported in /. punctatus 
were lower for full-fat soybean and raw yellow corn and high for boiled 
corn and fishmeal (NAS-NRC, 1983). Takeuchi et al. (1979) and 
Austreng et al. (1980) have stated that, besides the heterogeneous 
nature (fatty acid composition), the melting point of lipids may also 
govern the extent of their digestibility in fish. There is wide variation in 
the reported values for fat digestibility among fishes. Smith et al. 
(1980) have stated that since only a small amount of fat remains in the 
faeces, estimates of its digestibility can be highly variable. 
In the present study, preliminary observations were made to 
examine the influence of feeding frequency, if any, on the apparent 
protein digestibility of catfishes. A marked decline in apparent protein 
digestibility was discernible on increasing the feeding frequency from 
two to four times a day in C. gariepinus and C. batrachus. Any factor 
that reduces the food retention time in the gastro-intestinal tract may 
reduce the efficiency of absorbance. It has been reported that gastric 
evacuation rate increases with the proportion of feeding rate (Pandlan 
and Vivekanandan, 1985). It appears that increase in feeding 
frequency which results in increased passage of dietary material 
through the digestive tract may cause less material to be digested, 
ultimately resulting in lower apparent protein digestibility values. 
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Summary 
Apparent protein digestibility (%) in catfishes, C. batrachus (16-
18 cm; 45-50 g), C. gariepinus (21-22 cm; 60-65 g) and H. fossilis (10-
12 cm; 10-15 g) was estimated for nine different plant and animal 
origin feedstuffs. Fat digestibility was tested for C. batrachus and C. 
gariepinus, wherein the influence of feeding frequency on protein 
digestibility was also examined. The digestibility trials were conducted 
on triplicate groups of 25 fish each in 70 I polyvinyl indoor flow-through 
(1-1.5 I) circular tanks (water volume 55 I). Fishes were fed to satiation 
daily at 0800 and 1800 h, and faecal matter collected through 
siphoning. For studying the effect of feeding frequency, fishes were fed 
the experimental diets at 0800, 1100, 1400 and 1700 h. 
The protein digestibility of the feedstuffs varied significantly 
(P<0.05) within each test species. However, the digestibility values for 
most of the ingredients tested were comparable (P>0.05) between the 
three catfish species. The most efficient utilization of protein in these 
fishes was noted for soybean meal followed by fishmeal. The lowest 
protein digestibility was noted for rice bran. 
Similarly, the utilization of fat from the feedstuffs was also 
significantly (P<0.05) different within each of the two species, C. 
batrachus and C. gariepinus. Fat digestibility of feed ingredients was 
insignificantly (P>0.05) different between the two species. With respect 
to the fat content soybean was most efficiently utilized. Poorest fat 
digestibility was obtained for rice bran. 
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A marked decline in protein utilization was discernible in the above two 
species on increasing the feeding frequency from two to four times a day. 
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Chapter III 
EFFECT OF PROTEIN SOURCE AND TEMPERATURE ON APPARENT 
PROTEIN DIGESTIBILITY IN CATFISH. HETEROPNEUSTES FOSSIUS 
(BLOCH) 
Introduction 
In an intensive aquaculture system it is essential that the feed, 
besides meeting the basic nutritional requirements of the species 
concerned, should also be readily digested and its nutrients effectively 
absorbed. Proper utilization of nutrients and energy from feed 
ingredients is reported to depend largely on the extent of their 
digestibility (De Silva and Parera, 1984; De Silva et al., 1988; and 
Singh, 1992). Protein is one of the most important components of fish 
diet and also the most expensive energy source (Pillay, 1990). 
Considerable work has been done to determine its digestibility in fish 
(Ogino and Chen, 1973; Cruz, 1975; Brown and Strange, 1985; Wilson 
and Poe, 1985; De Silva et al., 1988; Singh, 1992; Khan, 1994; Anwar 
and Jafri, 1995; Fagbenro, 1996,1998; Watanabe et a/., 1996; Degani 
et al., 1997; and Hossain et al., 1997). 
Among the factors known to affect nutrient digestibility in fish are 
the species, ration size, frequency of feeding, size/age, etc. (Hastings, 
1969; Cho et al., 1976; Windell et al., 1978"; Rychly and Spannhof, 
1979; Pandey and Singh, 1980; De Silva and Parera, 1984; and 
Henken et al., 1985). In poikilotherms, temperature is an Important 
factor that may also affect evacuation rate, growth, enzymatic kinetics 
and food assimilation (Range and Grove, 1979; Jauncey and Ross, 
1982; Ash, 1985; Cho, 1994; and De Silva and Anderson, 1995). Only 
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few workers have studied the influence of temperature on nutrient 
digestibility in fish (Brocksen and Bugge, 1974; Windell et ai, 1978^ 
Hidalgo et ai, 1987; Watanabe et ai, 1996; and Azevedo ef ai, 1998). 
The present study was conducted to investigate the influence of 
protein source and varying temperature on the apparent protein 
digestibility in Heteropneustes fossilis. 
Materials and Methods 
Experimental fish/trial 
Young H. fossilis (9-11 cm; 6-8 g) were obtained from local fish 
farmers and stocked in large indoor circular plastic tanks (4ft x 3 ft x 3 
ft) having a water capacity of 600 I. These were later randomly placed, 
in triplicate groups of 25 fish each, in 70 I polyvinyl high density, flow-
through (1-15 l/min) circular indoor tanks at three different ambient 
temperatures (18 °C, 28 °C and 38 °C) and a natural photoperiod for 
acclimation. During the period of acclimation (10 days) the fish were 
fed the reference diet to satiation at 0800 and 1800 h, and uneaten 
food and faecal matter siphoned off. After acclimation, the fish were 
offered ingredient based test diets to satiation for a week. The faecal 
matter was collected daily, 8-10 h after feeding, for 2-3 h. The 
collection was made over a fine nylon mesh strains (ASTM-100) 
through slow siphoning using a narrow (8 mm dia.) plastic tube. Soon 
after the collection, the faeces were pooled in a glass vial and frozen 
(-20 "C). Prior to analysis, the faeces were dried at 65 **C in a hot air 
oven. 
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Feedstuffs 
Six different sources of protein, namely, laboratory prepared fish 
meal, dried fish, soybean meal, raw yellow corn, wheat bran and rice 
bran were used for the digestibility trials. These were procured, 
processed and stored in the manner described under General 
Methodology (page 11-12). 
Experimental diet 
Based on the gross protein requirement of H. fossilis (Firdaus, 
1993), a casein- gelatin based reference diet (C.P. 40%) was prepared 
using 1% chromic oxide as an indigestible marker. Details of the 
mineral and vitamin mix used, and the method of preparation of diet 
was according to Halver (1989). Diets were prepared by mixing the test 
ingredient (30%) with a reference diet (70%) according to Cho et al. 
(1982). The proximate composition of the reference and test diets is 
given in Table 5 (under General Methodology). 
Analytical methods 
All chemical analyses were made in triplicate. Test ingredients, 
diets and faecal sample were homogenized to powder form, weighed 
and analysed for their proximate composition using standard methods 
(AOAC, 1984). Chromic oxide was estimated with acid digestion 
technique as proposed by Furukawa and Tsukahara (1966). Details of 
the analytical techniques are described elsewhere (page 14-18). 
Calculation of digestibility 
The apparent protein digestibility (%) of reference and the test 
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diets and that of the test ingredients was determined using the method 
of Cho et ai, (1982) detailed elsewhere (page 20). 
Statistical analysis 
The data were subjected to one way analysis of variance 
(ANOVA; P<0.05), Student's ' f test and Duncan's multiple range test 
(Snedecor and Cochran, 1967; and Sokal and Rohlf, 1981) to test the 
homogeneity of variance between treatment means. 
Results 
The proximate composition of feed ingredients used for the 
digestibility trials is given in Table 3 (see General Methodology 
section). 
The apparent protein digestibility (%) of reference and the test 
diets and the test ingredient at three different temperatures (18 °C, 28 
"C and 30 °C) are given in Table 1-2. It can be observed from the table 
that the reference diet was more effectively utilized by the fish at 28 °C 
and38°C than at 18 °C. 
With the exception of soybean meal and laboratory prepared 
fishmeal, protein digestibility showed significant (P<0.05) difference 
with the feedstuffs. However, the trend of variations in the digestibility 
of protein from different sources remained similar at the above 
temperatures. As can be seen from the data, protein from soybean 
meal was most efficiently utilized (77.24-95.06%) by the fish followed 
by protein from fishmeal (72.61-93.22%), dried fish (65.77-91.12%) and 
wheat bran (57.71-82.01%). Protein from raw yellow corn was less 
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effectively (53.07-74.15%) digested. Least utilization (41.84-64.05%) of 
protein was noted for rice bran. 
For each ingredient, however, the apparent protein digestibility 
values were affected significantly (P<0.05) with temperature (Table 2, 
Fig 1). An ambient temperature of 28 °C was found most suitable for 
optimal utilization of protein from all the sources. The values obtained 
at 28 °C and 38 °C were insignificantly (P>0.05) different reflecting 
only a meagre decline (0.3-6.0%) in digestibility. Digestibility values for 
all the feed ingredients were considerably (P<0.05) low at 18 "C. At 
this temperature a reduction of 18.75%* and 22.11% in digestibility was 
noted for soybean meal and laboratory prepared fishmeal, respectively. 
The decline in digestibility values for the dried fish, raw yellow corn 
and wheat bran ranged between 27.83%-29.63%. The maximum 
reduction (34.67%) was seen for rice bran. 
Discussion 
The result of the present study reveals effective utilization of 
protein by H. fossilis from both plant as well as animal origin 
feedstuffs. The apparent protein digestibility values for most of the 
feedstuffs were comparable with the values reported for other species. 
Among the feedstuffs, protein from soybean meal was most 
efficiently utilized and its digestibility values were similar to the values 
reported for Cyphnus carpio (Ogino and Chen, 1973; and Kim, 1974), 
Indian major carps (Anwar and Jafri, 1995), Ictalurus punctatus 
(Wilson and Poe,1985), Oreochromis. niloticus (Hanley, 1987), 
Ctenopharyngodon idella (Law, 1986) and AnguUla anguilla (Schmitz et 
al., 1984). In C. carpio (Degani, 1997), L. rohita (Hossain et al., 1997), 
/. punctatus (Cruz, 1975; and Brown and Strange, 1985), S. gairdneri 
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(Nose, 1967), and M. nemurus (Khan, 1994) the digestibility was 
comparatively lower than the values obtained in H. fossilis. Protein 
digestibility of fishmeal in H. fos&ilis was comparable to other fish 
species (Nose, 1967; Ogino and Chen, 1973; Kim, 1974; Cruz, 1975; 
NAS-NRC, 1977; Jauncey, 1982; Schmitz et al, 1984; Law, 1986; 
Hanley, 1987; Khan, 1994; and Degani et al., 1997). However, when 
compared to Indian major carps (Anwar and Jafri, 1995) or /. punctatus 
(Wilson and Poe, 1985), the digestibility of this ingredient was found to 
be higher in H. fossilis. 
Digestibility per cent for wheat bran in H. fossilis was close to the 
values reported for the Indian major carps (Anwar and Jafri, 1995) but 
higher than those reported by Hossain and Shikha (1996) and Hossain 
et al. (1997) in L. rohita. Raw yellow corn was more effectively 
digested by H fossilis than M. nemurus (Khan, 1994) and L. rohita 
(Hossain et al., 1997). Protein digestibility of rice bran was poorest in 
comparison to its value reported for other fish species (Wilson and 
Poe, 1985; Singh, 1992; Khan, 1994; and Anwar and Jafri, 1995). 
The variations observed in the digestibility of protein from 
different feedstuffs in H fossilis may be attributed to the inherent 
complexity of their nutrients, particularly carbohydrate and protein, as 
also to the content of fibre and the digestive physiology/ enzyme profile 
of the fish (Nagase, 1964; Reimeri 1982; Smith, 1989; and De Silva 
and Anderson, 1995). Since fibre content in the test diet used varied, 
the possibility of fibrous (cellulose, hemi-cellulose and lignin) nature of 
the ingredient causing variations in digestibility cannot be ruled out. 
Relatively lower digestibility noted for raw yellow corn indicates 
towards poor utilization of high starch feed ingredient by H. fossilis. 
Carnivorous fish poorly digest feedstuffs, particularly cereal grains and 
grain by-products, which contain high level of starch. Even the degree 
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of utilization of raw starch by herbivores is stated to be doubtful (Cho 
etal., 1982). 
It is well known that diets produced from low quality feed 
ingredients fed to the cultured fish result in poor growth and may prove 
detrimental to the fish (De Silva and Anderson, 1995), it may also lead 
to nitrogen pollution in water due to poor nitrogen absorption in the gut 
(Handy and Poxton, 1993). 
Besides protein sources, temperature may also influence the 
digestion and assimilation of nutrients in poikilotherms (Elliot, 1972; El-
Sayed et al., 1996; and Watanabe et al., 1996). Several workers have 
observed a positive correlation between water temperature and the 
rate of gastric evacuation in fish (Brett and Higgs, 1970; Elliot, 1972; 
Foltz, 1978; and Windell et al., 1978") but only a few have looked into 
the direct influence of temperature on nutrient digestibility (Windell et 
al., 1978"; Schwarz and Kirchgessner, 1982; Hidalgo et al., 1987; 
Watanabe et al., 1996; and Azevedo et al., 1998). 
The data obtained during the present study on H. fossilis 
indicates better utilization of protein from different sources by the fish 
at 28 °C. Digestibility was low at 18 "C. Watanabe et al. (1996) 
reported 25 °C is optimum temperature for nutrient digestibility in 
tilapia, 0. nitoticus and carp, C. carpio. Hidalgo et al. (1987) reported 
better exhibition of protein digestibility by sea bass, DIcentrarchus 
labrax at 20 °C than at 15 °C. Windell et al. (1978"), working on 
rainbow trout, S. gairdneri, observed a decline in digestibility only in 
smaller fish (18 g) at 7 °C. Choubert et al. (1982) noted a positive 
effect on nutrient digestibility with increase in temperature from 10 to 
18 °C. 
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In channel catfish, /. punctatus digestion was reported to be 
more rapid between 26.6 °C and 29.4 °C than between 21.1 °C and 
23.9 °C (Shrable et al., 1969). Protein digestibility in common carp, C. 
carpio remained relatively constant over a range of temperature that 
supports growth, but it decreased as temperature fell below that range 
(NAS-NRC, 1977). 
Kaushik and Oliva-Teles (1985) noted that S. gairdneri utilized 
diet more efficiently at 21 °C than at 15.7 °C, signifying that at a higher 
temperature digestion and nitrogen retention in this fish function better. 
Watanabe et al. (1996), however, recorded optimum nutrient 
digestibility in rainbow trout at 15 °C. Kibria et al. (1997) observed that 
silver perch, Bidyanus bidyanus, grown at its optimum temperature (25 
°C) retained maximum nitrogen compared to fish reared at other 
temperatures. Kikuchi et al. (1995) reported higher faecal nitrogen loss 
at higher temperature in flounder, Paralicthys oblivaceus. 
The reduction in digestibility with decreasing temperature could 
partly be attributed to difference in feed Intake, and consequent faecal 
production between the fish at different range of water temperatures. 
Other factor such as reduction in activity of digestive enzyme at low 
temperature or progressively greater endogenous gut losses could also 
be responsible for the decrease in apparent nutrient digestibility. 
From the present study it is apparent that protein digestibility in 
H. fossilis varies with the source of nutrient, obtaining the maximum at 
28 °C. 
Summary 
Influence of protein source and varying temperature on apparent 
protein digestibility (%) was determined in the catfish, H. fossilis (9-11 
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cm; 6-8 g). Triplicate groups of 25 fish were kept at three different 
ambient temperatures (18, 28 and 38 °C), in 70 I polyvinyl indoor flow-
through (1-1.5 I) circular tanks (water volume 55 I). Fishes were fed to 
satiation daily at 0800 and 1800 h, and faecal matter collected. The 
fish effectively utilized protein from both the plant as well as animal 
origin feedstuffs. With the exception of fishmeal and soybean meal, 
protein digestibility varied significantly (P<0.05) with the feedstuffs 
tested. The trend in utilization of protein from different sources 
remained similar at the three temperatures. For each ingredient, 
digestibility values varied (P<0.05) with temperature. A temperature of 
28 °C was found to be most suitable for optimal protein utilization in H. 
fossilis. 
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Chapter IV 
EFFECT OF SIZE ON PROTEIN UTILIZATION FROM 
DIFFERENT PLANT AND ANIMAL ORIGIN FEEDSTUFFS IN 
AFRICAN CATFISH, CLARIAS GARIEPINUS (BURCHELL) 
Introduction 
Research efforts in many countries are presently expended on 
developing high nutrient density diets for intensive fish culture, with a 
view to minimizing environmental degradation. Digestibility remains the 
most widely used tool to determine the bioavailability of the given 
component. The major problem in making such estimates is that 
digestibility varies with factors like species, age, size, source and 
quality of nutrient and environmental condition (Nose and Toyama, 
1966; Nose, 1967; Ogino and Chen, 1973; Kim, 1974; Cruz, 1975; 
NAS-NRC, 1977; Windell et al., 1978''•^ Rychly and Spannhof, 1979; 
Jauncey, 1982; Schmitz et al., 1984; Brown and Strange, 1985; Wilson 
and Poe, 1985; Law 1986; Hanley, 1987; Hidalgo et al., 1987; Pfeffer 
ef al., 1991; Singh, 1992; Khan, 1994; Anwar and Jafri, 1995; De Silva 
and Anderson, 1995; Hossain and Shikha, 1996; Degani e^ al., 1997; 
and Hossain et al., 1997). 
Besides the above factors, even when all the environmental 
conditions are kept unchanged and when fed on the same diet, 
digestibility in fish may vary from day to day (De Silva and Parera, 
1983; and De Silva and Anderson, 1995). 
Recently, African catfish, Claries gariepinus, has become the 
focus of active research in many countries across the world (Haylor, 
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1993). it has attracted attention as a good candidate species for its 
hardiness. Its suitability for aquaculture is no longer in doubt in terms 
of its biology, particularly its ability to breath both atmospheric and 
dissolved oxygen, and also its amenability to high density culture. The 
species readily adapts to new habitats and consumes a wide variety of 
foods (Groenewald, 1964; and Haylor, 1993). 
Lately, Clarias gariepinus has been clandestinely introduced in 
Indian waters, with many fish farmers opting for its preferential culture 
over the natural variety, C. batrachus. Locally the fish is called 'Thai 
Magur' because it is said to have got access in India from Thailand 
through Bangladesh. Owning to its gigantic size, it is also known as 
'Giant magur'. 
The present study was conducted to investigate the influence of 
size on the utilization of protein from different plant and animal origin 
feedstuffs in C. gariepinus. 
Materials and Methods 
Experimental fish 
Samples of live C. gariepinus were obtained from a private fish 
farm. The fish were weighed and measured to their nearest mm and 
arranged into three size groups, 27-30 cm (105-109 g), 42-44 cm (780 
830 g) and 60-62 cm (1250-1300 g). These groups were then stocked 
separately in outdoor cement cisterns (1 X 1 X 1 m; water volume 700 
I) and acclimated to H-440 diets (Halver, 1989) for two weeks. For the 
experimental run, required number of specimens (Table 1) were 
randomly transferred into triplicate sets of large circular indoor plastic 
tanks (water volume 600 I) fitted with flow-through (2 l/min) system. 
52 
Fish were fed the test diets daily at 0800 and 1800 h. Faecal matter 
was collected through continuous siphoning in the manner described 
elsewhere (page 13) 
Feedstuffs 
Nine different feedstuffs were used for the digestibility trials. 
These were procured, processed, and stored in the manner described 
under General Methodology (page 11-12). The proximate composition 
of the feedstuffs has been given in Table 3 (see General Methodology 
section). 
Experimental diet 
Details of the proximate composition of reference and the test 
diets (Table 5), and their methods of preparation are given under 
General Methodology. 
Analytical methods 
All chemical analyses were done in triplicate using standard 
methods of analysis (AOAC, 1984) detailed under General 
Methodology (page14-18). Chromic oxide in the samples (diet and 
faeces) was determined with the method as proposed by Furukawa and 
Tsukahara (1966). 
Calculation of digestibility 
The apparent protein digestibility (%) was calculated using the 
formula of Cho et al. (1982). Details of the calculations are given 
elsewhere (General Methodology section, page 20). 
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Statistical analysis 
The data obtained for the three size-classes of the fish were 
subjected to one way analysis of variance. Further details are given 
under General Methodology section (page 21). 
Results 
The apparent protein digestibility (%) of reference and the test 
diets for the three size-classes of C. gahepinus are given in Table 2. 
Within each size-class, the digestibility varied significantly 
(P<0.05) with the source and quality of protein used. All size-classes 
utilized protein with greater efficiency from soybean meal (97.33-
99.42%) and laboratory prepared fish meal (91.76-96.17%). The 
apparent digestibility values for full-fat soybean and cooked corn were 
87.49-94.46% and 82.23-88.00%, respectively. The other feed 
ingredients produced values of protein digestibility in the range of 
77.86-87.97%. Rice bran was found to be the least (59.59-66.73%) 
digestible. 
A significant (P<0.05) difference in protein digestibility of 
feedstuffs was noticed between the size-classes (Table 3, Fig 1). An 
increase in digestibility was discernible with increment in fish size for 
high-protein source ingredients such as soybean meal, full-fat 
soybean, laboratory prepared fishmeal, Peruvian brown fishmeal, and 
dried fish. Whereas, utilization of protein from low-protein source 
ingredients, namely, raw and cooked yellow corn, wheat bran and rice 
bran declined (P<0.05) with size. In general, for most feed ingredients. 
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the digestibility values for medium size fish were closer (P>0.05) to the 
values obtained for larger fish. 
A clear evidence of daily variation (P<b.05) in apparent protein 
digestibility was found in small fish (Table 4, Fig 2). The extent of 
variation for the feedstuffs tested, over a 20-day period, ranged 
between 85.41-95.72% for fishmeal (laboratory prepared), 67.44-
77.21% for dried fish, 89.21-96.71% for soybean meal and 80.01-
87.32% for cooked yellow corn. No such variation (P>0.05) could be 
seen in large fish. 
Discussion 
As would be evident from the data, although C. gariepinus, an 
omnivorous fish species, utilized protein from both plant and animal 
sources, the extent of digestibility depended mostly on the quality of 
protein consumed. Consequently, fishmeal and soybean meal produced 
higher values of digestibility than the other feed ingredients. Higher 
digestibility for these feed ingredients have also been reported in 
many other fish species (Nose, 1967; Ogino and Chen, 1973; NAS-
NRC, 1977; Brown and Strange, 1985; and Hanley, 1987). Whereas, 
studies conducted on Mystus nemurus (Khan, 1994), Ictalurus 
punctatus (Cruz, 1975), Cyphnus carpio (Degani et al., 1997) report 
better utilization of fishmeal than soybean meal. Both these ingredients 
were, however, observed to be utilized with equal efficiency in S. 
gairdneri (Nose, 1967), /. punctatus (Brown and Strange, 1985), C. 
carpio (Kim, 1974; and Ogino and Chen, 1973) and Anguilla anguilla 
(Schmitz et al., 1984). Lorico-Querijero and Chiu (1989) recorded high 
availability of plant and animal protein for tilapia, Oreochromis 
niloticus. Apparent protein digestibility values observed during the 
present study on C. gariepinus for brow(T„,;'f>§^n}^3l was found 
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comparable to the values reported for the same ingredient in C. carpio 
(Kim, 1974). Similarly, the effective utilization of protein from wheat 
bran noted for C. gariepinus compared favourably with the 
observations on the Indian major carps (Anwar and Jafri, 1995). 
However, the apparent protein digestibility observed in C. gariepinus 
for rice bran was the poorest in comparision to its values quoted for 
other fish species (Wilson and Poe, 1985; Singh, 1992; Khan 1994; 
and Anwar and Jafri, 1995). Lower digestibility for rice bran was also 
quoted in Leptobarbus howenii and Ctenoptiaryngodon idella (Law, 
1984; and 1986) and Labeo roliita (Hossain and Shikha, 1996). The 
poor utilization of protein from rice bran could be related to its higher 
crude fibre content. It has been suggested that higher dietary crude 
fibre may accelerate the rate of passage of digesta through the 
intestinal tract thus reducing the digestibility of protein (Hilton et a!., 
1983). Likewise, lower digestibility observed for dried fish could be 
ascribed to higher ash content (De Silva and Anderson, 1995). Raw 
and cooked yellow corn were efficiently utilized by C. gariepinus. The 
values of digestibility coefficient obtained for raw corn was comparable 
to the values reported for carp (Ogino and Chen, 1973) and the catfish, 
M. nemurus (Khan, 1994). In C. gariepinus, however, protein from 
cooked yellow corn was better utilized in comparison to that from raw 
yellow corn. As pointed out by several workers in the past, this 
improvement in protein digestibility upon cooking could be linked to 
modification in tertiary structure of yellow corn protein (Smith, 1977; 
Piesker, 1992; and De Silva and Anderson, 1995). However, no 
significant difference in apparent protein digestibility was found 
between raw and cooked/excluded carbohydrate in tilapia (El-Sayed, 
1991) and the rainbow trout (Kaushik et a!., 1989). 
Besides source and/or quality of dietary protein, several other 
factors such as age and size are also reported to influence nutrient 
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digestibility in fish (De Silva and Anderson, 1995). In the present study, 
which involved three significantly (P<0.01) different size-classes of C. 
gariepinus, a preferential utilization of protein was evident from high-
protein sources with increase in fish size. Consequently, low-protein 
ingredients, which mostly included plant protein source, were less 
effectively utilized for their protein by the large fish. Clay (1979) 
observed that after attaining a length of 3 cm C. gariepinus tends to 
feed on almost any food available, with a preference for animal 
material. 
Ferraris et al. (1986) observed an increase in protein digestibility 
in milk fish, Chanos chanos as a function of size in casein, fishmeal 
and defatted soybean meal diets. Rajamani and Job (1976) also noted 
that absorption efficiency was directly related to fish size in Tilapia 
mossambica. In L. hovenii, a significantly lower digestibility values was 
demonstrated in smaller (5-8 cm) than the large (12-16 cm and 20-26 
cm) fish, although the comparison of digestibility between the large 
size (12-16 and 20-26 cm) fish showed no significant difference (Law, 
1984). In S. gairdneri, Windell et al. (1978") reported size-related 
difference in digestibility at low temperature (7°C) only. Pandey and 
Singh (1980) observed that young Co//sa fasciatus (1.69-1.94 g) 
utilized protein less efficiently than the medium size (4.95-5.29 g) fish. 
However, older fish with greater weight (7.80-8.26 g) exhibited no 
improvement in digestive efficiency for protein. Lee (1997), on the 
contrary, found no influence of size on the apparent nutrient 
digestibility in juvenile and adult Korean rock fish, Sebastes schlegeli. 
Digestibility of food nutrient at various growth stages of S. gairdneri 
reportedly showed considerable lower values for small (6 g) than the 
large (100 g) fish (Kitamikado et al., 1964'"). 
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The variations observed in the protein digestibility of C. 
gariepinus with increase in fish size could be a reflection of variation in 
the activity of the digestive enzymes of fish with growth. Although no 
direct evidence of such variation could be studied, the observation 
nevertheless finds support in the work of Kitamikado et al. (1964' ) who 
reported low hydrolytic activity for young (1.7-4.7 g), highest for 100 g 
and lowest for 1,000 g rainbow trout. The relative increase In the 
intestinal length of the growing fish could be another factor for 
increased digestibility. Ferraris et al. (1986) maintained that 
digestibility could increase with size in omnivorous and herbivorous 
fishes due to increase in intestinal length, thereby, prolonging the 
digestion and assimilation time. 
A clear evidence of daily variation in the extent of apparent 
protein digestibility of the four feedstuffs tested was found in small size 
C. gariepinus. Similar phenomenon was previously reported for cichlid, 
Etroplus suratensis by De Silva and Parera (1983) who pointed out 
that, irrespective of the availability, the utilization of protein in fish may 
possibly vary with the internal state of the animal, indicating towards 
the presence of an apparent biological rhythm in its utilization. 
Interestingly, no such variation occurred in large fish. More detailed 
observation are, however, needed on aspects like daily variation in 
food intake, gastric evacuation rate, enzymatic profile, etc., of small 
and large fish before arriving at a conclusion. 
Summary 
Influence of protein source and fish size on apparent protein 
digestibility (%) was studied in African catfish, C. gariepinus. 
58 
Three size classes (27-30 cm, 105-109 g; 42-44 cm, 780-830 g; 
60-62 cm, 1250-1300 g) of fish were stocked in triplicate sets of large 
plastic pools (water volume, 600 I) fitted with a flow-through system (2 
l/min). Fish were fed the reference and test diets daily at 0800 and 
1800 h and faecal matter collected through slow siphoning. 
Within each size-class, the digestibility varied significantly 
(P<0.05) with the source and quality of protein used. Soybean meal 
and fishmeal were utilized with greater efficiency, while rice bran was 
least digestible. 
An increase in digestibility was apparent with increase in fish 
size for high protein sources such as soybean meal, full-fat soybean, 
laboratory prepared fishmeal, Peruvian brown fishmeal and dried fish. 
Protein from other plant sources was less efficiently utilized with 
increase in size. 
Evidence of daily variation in protein digestibility was also 
noticeable in small fish. 
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PART 11 
Chapter V 
EFFECT OF FEEDING GLANDED COTTONSEED MEAL ON THE 
GROWTH, CONVERSION EFFICIENCY AND CARCASS COMPOSITION 
OF LABEO ROHITA (HAMILTON) FRY* 
Introduction 
A major problem facing aquacutture is the limited supply and 
increasing cost of fishmeal, an important source of animal protein in 
formulated fish feeds. Plants may provide an alternate source of less 
expensive protein as supplements to fish diet (Dorsa et al., 1982; 
Hendricks and Bailey, 1989; and De Silva and Anderson, 1995). 
Cottonseed meal has often been used as a protein source in fish 
a.b 
rations (Dorsa et al., 1982; Robinson et al., 1984 ; and Ofojekvk^u and 
Ejike, 1984) and is known to have an excellent amino acid profile 
(Jackson et a!., 1982). However, the toxicity associated with 
cottonseed due to the presence of gossypol and cyclopropenoid fatty 
acid has limited its use as a dietary component. Gossypol occurs 
naturally in the pigment glands of cottonseed, and is reported to 
decrease feed utilization and growth in fish (Fowler, 1980; Robinette, 
a,b 
1981; Dorsa et al., 1982; Robinson et al., 1984 ; and De Silva and 
Anderson, 1995). However, Robinson and Rawles (1983) observed that 
cottonseed meal can replace up to 50% of soybean meal in diets 
formulated for catfish without causing reduction in growth. 
In India, cottonseed meal is used as an ingredient in fish rations 
(Jhingran, 1983) in spite of the fact that little research has been done 
to study its effect on fish growth. The present study examines the 
effect of cottonseed meal containing varying levels of dietary gossypol 
Published in J. Aqua. Trop. 12 (1) (1997) 73-78 
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on the growth, conversion efficiency, and body composition of Indian 
major carp Labeo rohita fry. 
Materials and Methods 
Experimental fish 
L. rohita fry (3.0-3.5 cm) were obtained from Uttar Pradesh 
Fisheries Department, given a prophylactic dip in KMn04 solution 
(1:3000), and stocked in 70 I polyvinyl circular tank containing ground-
water. Fish were accustomed to accept H-440 purified diets (Halver, 
1989) over a 14-day period in the laboratory. 
Experimental diets 
Casein-gelatin based semi-purified test diets, containing varying 
levels of solvent extracted glanded cottonseed {Gossypium herbaceum) 
meal (2.16, 3.25, 4.33, 5.41, and 6.49%) were formulated (Table 1). 
The crude protein content of each diet was adjusted to 40%. 
Cottonseed meal was incorporated in the diet at the expense of protein 
component. Diets were made isocaloric by adjusting the amount of 
dextrin and a-cellulose. Mineral and vitamin premix used and the 
method of preparation of experimental diets were according to Halver 
(1989) as described elsewhere (page 12). 
Growth trial 
Growth trial was conducted for 6-weeks, with 3 replicates per 
diet. Fish were reared in 70 I polyvinyl circular indoor flow-through 
tanks (1.0-1.5 l/mln.) supplied with ground-water. Acclimated fry of 
desired size (3.0-3.5 cm) were randomly stocked in triplicate groups of 
61 
10 fish per replicate. Fish were fed experimental diets at 4% body 
weight, as a moist cake (approximately 50% moisture), 6 days a week 
in 2 feedings per day (0800 and 1600 h). Uneaten food was filtered 
over a screen, dried, and weighed to estimate the amount of food 
consumed. Weekly estimate of biomass was made and the feed amount 
adjusted accordingly. Water temperature (22-26 °C) and dissolved 
oxygen (6.3-6.8) during the trial were satisfactory for good fish growth. 
Specific growth rate (%), feed conversion and protein efficiency 
ratio were calculated using standard equations (Hardy, 1989; and 
Hanley, 1991) discussed under General methodology (page 19-20). 
Analytical methods 
Proximate composition of cottonseed meal, experimental diets, 
and carcass was determined using standard (AOAC, 1984) techniques 
(see page 14-17). 
Gossypol content in cottonseed meal was assayed 
spectrophotometrically by the method given by Raj and Ali (1982) as 
described under General Methodology. 
Statistical analysis 
The data were statistically analysed using one way analysis of 
variance (ANOVA, P<0.05) and Duncan's multiple range test (Snedecor 
and Cochran, 1967; and Sokal and Rohlf, 1981), to test the 
homogeneity of variance within and between the treatment means. 
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Results 
Live weight gain (110%) and specific growth rate (1.77%) were 
significantly higher (P<0.05) in fish fed diets l-lll, containing 2.16 -
4.33% of cottonseed meal with 0.012 - 0.024% gossypol (Table 2). The 
best feed conversion ratio (1.98) occurred at 2.16% dietary cottonseed 
meal inclusion (diet I) containing 0.012% of gossypol, while protein 
efficiency ratio was highest (1.26) among fish fed cottonseed meal at 
the two lowest levels (diets I and li). 
Body fat and moisture declined significantly (P<0.05) in fish fed 
the two highest cottonseed meal rations (diets IV-V) whereas variations 
in body protein and ash were not significant (P>0.05) among the diets 
(Table 3). 
Discussion 
The study indicates that growth and conversion efficiencies in L. 
rohita are significantly affected at 6.5% level of cottonseed meal, 
containing 0.036% of gossypol. Work on use of cottonseed meal in fish 
feeds has been limited to a few species. The level of tolerance appears 
to vary between species. Chinook salmon {Oncorhynchus tshawytscha) 
and coho salmon (0. kisutch) have been reported to tolerate diets 
containing up to 34 and 22% cottonseed meal, respectively (Fowler, 
1980). In channel catfish (Ictalurus punctatus) growth was reportedly 
reduced among fish fed diets with 17% cottonseed meal, containing >. 
0.09% gossypol (Dorsa et al., 1982). Tropical cichlid {Oreochromis 
niloticus) fed with cottonseed meal showed far poorer growth rate and 
feed utilization indices than those receiving fishmeal based diets 
(Ofojeckwu and Ejike, 1984). Robinson et al. (1984^) also observed 
growth depression and poorer feed conversion in tilapia {Tilapia aurea) 
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fed glanded cottonseed meal, in comparison to those fed soybean and 
peanut meals. It is generally accepted that nutritional value of glanded 
cottonseed meal is reduced for monogastric animals and fishes, 
primarily due to presence of gossypol. The level of glanded meal that 
can be used in fish ration, therefore, depends largely on gossypol 
content of meal used. Herman (1970) observed growth suppression 
among rainbow trout {Salmo gairdneri) fed diets containing 0.029% or 
more of free gossypol. He further observed that trout receiving diets 
with 0.053% free gossypol also had severe reduction in hematocrit, 
hemoglobin, and plasma protein. Robinson et al., (1984*^) found that 
glandless cottonseed protein fed to channel catfish was of higher 
nutritional quality than glanded cottonseed protein because of 
increased lysine availability. Robinson and Rawles (1983) tested the 
desirability of using glandless cottonseed meal and flour in catfish 
diets and found that glandless cottonseed meal could replace soybean 
completely, with no reduction in growth as the meal did not require 
lysine supplementation. 
Gossypol has an inhibitory effect on digestive enzymes and 
diminishes appetite, thus reducing the nutritional value of cottonseed 
meal (Jauncey and Ross, 1982). Depression in growth rate and live 
weight gain reported in various species fed cottonseed based diets has 
been attributed to unfavourable physiological effects of gossypol such 
as reduction in succinic dehydrogenase and cytochrome activity (De 
Silva and Anderson, 1995). 
The analysis of body composition of L. rohita revealed that the 
crude protein and ash content did not vary among the fish groups 
receiving various levels of cottonseed meal in the diet. Fat and 
moisture, however, showed a gradual decline in fish beyond 5.41% 
dietary cottonseed meal inclusion. Although no detailed report is 
64 
available about effects of feeding cottonseed meal on the body 
composition of fish, the observations of Ofojeckwu and Ejike (1984) 
indicate that in O. n. niloticus the contents of lipid in diet and fish 
tissue are positively correlated. In addition, the dietary protein content 
and protein in the fish tissue appear to be diphasic. 
Summary 
Effect of feeding glanded cottonseed meal was examined on the 
growth, conversion efficiency, and carcass composition of Labeo rohita 
fry (3.0-3.5 cm) reared at 24+2 °C in polyvinyl circular indoor flow-
through tanks (1-1.5 l/min). Fish were fed at the rate of 4% body 
weight, 6 days a week, in two feedings per day (0800 and 1600 h). 
Casein-gelatin based isonitrogenous (40% CP) and isocaloric (4.32 
kcal/g, gross energy), semi-purified test diets containing varying levels 
of cottonseed meal (2.16, 3.25, 4.33, 5.41, and 6.49%) were used at 
the expense of protein components of the control diet. Diets fed were 
in the form of moist cake (approximately 50% moisture). Inclusion of > 
5.41% cottonseed meal in the diet was found to depress fish growth. 
The specific growth rate (%) was significantly (P<0.05) higher (1.77) in 
fish fed diet containing cottonseed meal at the rate of 2.16-4.33%. The 
best feed conversion ratio (1.98) was seen in diets containing 2.16% 
cottonseed meal. While protein efficiency ratio was highest (1.26) in 
fish fed diets containing cottonseed meal at 2.16 and 3.25%. Body fat 
and moisture declined significantly in fish fed diet with >5.41% 
cottonseed meal. Variations in body protein and ash were not 
significant at levels tested. 
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Chapter VI 
INFLUENCE OF DIETARY PHYTIC ACID ON THE GROWTH, 
CONVERSION EFFICIENCY AND CARCASS COMPOSITION OF, 
CIRRHINUS MRIGALA (HAMILTON) FRY 
Introduction 
Indian major carps, including Cirrhinus mrigala, the prime 
cultivable freshwater fish species, are mostly raised in polyculture 
system comprising of traditional or semi-intensive method of 
cultivation. A mixture of oil cakes and bran is generally used as 
supplementary feed for these fishes (Jhingran, 1991). A major 
disadvantage in using plant origin foodstuffs as a component of fish 
feed, however, is the presence of antinutritional substances, which 
may have deleterious effect on the physiology and morphology of 
digestive tract (Grant, 1989; and Van den Ingh et al., 1991) affecting 
the overall fish growth (Hendricks and Bailey, 1989). 
Phytic acid, hexaphosphate of inosital, is a constituent of all 
cereal products and oil seed meals commonly used as fish feed 
(Halver, 1989; and De Silva and Anderson, 1995). Several workers 
have attempted to study the effect of phytic acid on fish and observed 
that it markedly reduced the biological availability of important 
minerals like calcium, magnesium, iron, phosphorus and zinc to the 
fish, thereby affecting their health and growth adversely (Roberts and 
Yudkin, 1960; O'Dell et al., 1972; Erdman and Forbes, 1977; 
Richardson et al., 1985; Gatlin and Phillips, 1989; Satoh et al., 1989; 
and Lall, 1991). However, Spinelli et al. (1983), while working on 
rainbow trout, concluded that reduced growth in fish fed phytic acid 
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was related to reduction in protein availability rather than reduced 
availability of zinc, iron or copper. Nevertheless, these experiments 
illustrate the potential adverse effect of phytic acid on growth as well 
as other essential functions in fish. 
The present study was designed to investigate the influence of 
phytic acid (dodecasodium phytate) on the growth, feed conversion and 
carcass composition of the Indian major carp . C. mrigala fry. 
Materials and Methods 
Experimental fish 
C. mrigala, obtained from Uttar Pradesh Fisheries Department, 
were given a prophylactic dip in KMn04 solution (1:3000); and stocked 
in 70 I polyvinyl circular tanks containing ground-water. The fish were 
initially fed a mixture of mustard oil cake and wheat bran (1:1) but 
gradually acclimated to casein-gelatin based purified H-440 diet 
(Halver, 1989). The period of acclimation lasted 15 days. 
Experimental diets 
Casein-gelatin based iso-nitrogenous (40%), iso-caloric (4.32 
kcal/g) purified test diets containing graded levels (0.5, 1.0, 1.5, 2.0 
and 2.5%) of phytic acid were formulated. The ingredient and 
proximate composition of test diets have been given in Table 1. The 
crude protein content of the diets was adjusted to 40% according to the 
requirement of the species (Khan, 1991). Diets were made isocaloric 
by adjusting the amount of dextrin and a-celluose. Composition of the 
mineral and vitamin premixes used, and the method of preparation of 
the experimental diets are given elsewhere (page. 12). 
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Growth trial 
Growth trial was conducted for 6-weeks in 70 I polyvinyl circular 
indoor flow- through tanks supplied with ground-water (1.0-1.5 l/min). 
Fry (2.5-3.5 cm) from the acclimated lot were randomly stocked in 
triplicate groups of 20 fry each. These were fed the experimental diets 
in the form of moist cake (approximately 50% moisture) at the rate of 
4% body weight twice daily (0800 and 1600 h ) . Uneaten food was 
filtered over a screen, dried and weighed to calculate the amount of 
food consumed. Total weight (g) of fish was taken weekly and the 
ration level adjusted accordingly. The temperature and dissolved 
oxygen during the trial were 18-22 °C and 6.0-6.5 ppm, respectively. 
Specific growth rate (%), feed conversion ratio and protein 
efficiency ratio were calculated using standard definitions (Hardy, 
1989; and Hanley, 1991) as discussed under General Methodology 
(page 19-20). 
Statistical analysis 
The data were statistically analysed using one way analysis of 
variance (P<0.05) and Duncan's multiple range test (Snedecor and 
Cochran, 1967; and Sokal and Rohlf, 1981). 
Analytical methods 
The proximate composition of experimental diets and carcass 
were analysed using standard techniques AOAC (1984) described 
under General Methodology section (page 14-16) 
68 
Results 
Data on growth and conversion efficiencies of C. mrigala fed 
diets containing varying levels of phytic acid have been shown in Table 
2(Fig. 1-3). Over the 6-week growth trial, fish fed the experimental diet 
devoid of phytic acid produced highest live weight gain (94.87%), 
specific growth rate (1.58%), protein efficiency ratio (2.02) and best 
feed conversion ratio (1.21). No significant (P>0.5) difference in per 
cent live weight gain of fish was noted up to 1.00 % phytic acid 
inclusion. However, beyond this level a sharp decline (P<0.05) in live 
weight gain was evident (Fig. 1). The specific growth rate (%), feed 
conversion ratio and protein efficiency ratio produced poorer values 
(P<0.05) with increase in level of phytic acid in diet. 
Dietary inclusion of phytic acid markedly influenced the carcass 
composition of the fish (Table.3). Crude protein and fat content 
declined significantly (P<0.05) in fish fed phytic acid contained diets. 
The percentage of moisture and ash in these fish, on the other hand, 
were found significantly higher (P<0.05) in comparison to fish fed diets 
devoid of phytic acid. 
Discussion 
The result of the present study indicates that phytic acid over 
1.0% inclusion in the diet depresses growth of C.mrigala fry. A 
corollary to this findings is apparent in the work of Alvi (1994) who 
examined the effect of phytic acid, calculated from free phytic acid 
content of wheat bran {Triticum aestivum), on the growth and 
conversion efficiency of fingerling Indian major carp, Labeo rohita, and 
concluded that both live weight gain (%) and specific growth rate get 
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significantly affected (P<0.05) by dietary phytic acid inclusion beyond 
1.0%. 
Most of the earlier workers, while investigating the influence of 
phytic acid on fish, stressed the role of this substance with respect to 
bioavailability of minerals like calcium, magnesium, phosphorus, zinc 
and iron. Richardson et al. (1985) reported that in Chinook salmon 
(Oncorhynchus tshawytscha) fed semi-purified diets, containing various 
levels of calcium, phosphorus, zinc and sodium phosphate, a high 
dietary phytic acid concentration (2.58%) depressed fish growth, feed 
and protein conversion, besides resulting in increased mortality rate, 
cataract formation and anomalies in pyloric caecal structure. These 
workers also observed that dietary phytic acid affected the whole body 
composition of fish. High phytate groups consistently had higher 
percentage of moisture, protein, and ash and lower percentage of lipid 
in the body. They concluded that growth reduction in high phytate 
groups was due to a progressive reduction in their capacity to convert 
food (protein) into flesh, which probably stemmed from diminished zinc 
availability. In the present study on C. mrigala, a significant reduction 
in fish growth and poor conversion efficiencies were discernible at a 
relatively lower (>1%) level of phytic acid inclusion in the diet. 
Spinelli et al. (1983) studied the effect of phytate on the growth 
of rainbow trout, Salmo gairdneri, fed purified diets containing different 
levels of calcium and magnesium, and reported that fish group fed 
0.5% phytic acid, in combination with 0.92-1.30% calcium and 0.054-
0.085% magnesium, suffered 8-10% reduction in growth and feed 
conversion. The reduced growth was attributed by these workers to a 
reduction in protein availability due to the formation of protein (casein) 
phytate complex which is only partially digested by pepsin, rather than 
reduced availability of zinc, iron or copper. 
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In contrast to the above findings, in channel catfish {Ictalurus 
punctatus) fed diets containing approximately 1.1% phytic acid, 
calculated from free phytic acid content of soybean meal and rice bran, 
it was reported that reduced availability of zinc in practical diet was 
due to the presence of phytic acid in feed ingredient of plant origin 
(Gatlin and Wilson, 1984). 
Gatlin and Phillips (1989), while studying the interactions 
between dietary calcium, phytate and zinc in channel catfish, observed 
that high dietary phytate (1.5%) failed to depress fish growth 
significantly but reduced zinc content in the bone, and this effect was 
intensified in presence of higher dietary calcium. 
Satoh et al. (1989) conducted trials to determine the effect of 
supplemental phytate and/or tricalcium phosphate on weight gain, feed 
efficiency and zinc content in vertebrae, and observed that fish fed 
diets containing 2.2% phytic acid suffered significant reduction in 
weight gain and feed efficiency. Weight gain was found to be 23.5% 
less, while feed gain ratio was almost 12% less at the above level of 
phytic acid inclusion in the diet compared to those fed 1.1% phytate. 
Although the present study clearly shows the adverse effect of 
dietary phytic acid on the growth and conversion effeciencies of C. 
mrigala fry, it may be of interest to undertake additional studies to 
establish whether reduced growth observed in fish beyond a certain 
level of phytic acid inclusion was the result of reduction of protein 
availability or reduced bioavailability of minerals. 
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Summary 
Effect of phytic acid was examined on the growth, conversion 
efficiency, and carcass composition of C. mrigala (2.5-3.5) fry, reared 
at 18-22°C in 70 I polyvinyl indoor flow-through (1-1.5/min) circular 
tanks. The fish were fed isonitrogenous (40% CP) and isocaloric (4.32 
kcal/g) purified test diets, in the form of moist cake, containing varying 
levels (0.5, 1.0, 1.5, 2.0, and 2.5%) of phytic acid (dodecasodium 
salt), at a rate of 4% body weight, twice daily (0800 and 1600 h). The 
highest weight gain (94.87%), specific growth rate (1.58%), protein 
efficiency ratio (2.02), and best food conversion ratio (1.21) were 
obtained in fish fed the control diet containing no phytic acid. Live 
weight gain and specific growth rate were significantly affected by 
dietary phytic acid inclusion beyond a level of 1%. 
Dietary inclusion of phytic acid markedly influenced the carcass 
composition of the fish. Crude protein and fat content declined 
significantly (P<0.005) in fish fed phytic acid contained diet. The 
percentage of moisture and ash in these fish were found to be 
significantly (P<0.05) higher. 
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^EltEaAL SVSMMAflY 
GENERAL SUMMARY 
The thesis embodies information on some aspects of 
nutrition in selected cultivable finfish species. The thesis consists 
of two parts. Part one of the thesis contains information on the 
digestibility of some selected feedstuffs, determined with both 
endogenous as well as exogenous markers, and the influence of 
factors such as species, feeding frequency, temperature, size 
and diurnal variation on the nutrient digestibility of cultivable 
catfish species, Heteropneustes fossilis (Bloch), Clarias 
batrachus (Linnaeus) and C. gariepinus (Burchell). 
Part two embodies data on the effect of antinutritional 
factors, dietary gossypol and synthetic phytic acid, on the 
growth, conversion efficiencies, and carcass composition of the 
Indian major carps, namely, Labeo rohita (Hamilton) and 
Cirrhinus mrigala (Hamilton). 
Evaluation of apparent drymatter and protein digestibility 
(%) of some selected plant and animal origin feedstuffs was 
carried out in the catfish, H. fossilis (9-11cm; 6-8 g) using 
exogenous (chromic oxide) and endogenous (hydrolysis resistant 
organic matter, acid insoluble ash, crude fibre and ash) markers. 
In general, digestibility varied insignificantly (P>0.05) with the 
type of marker used. However, with each marker the protein 
digestibility varied significantly (P<0.05) with the feedstuffs 
tested, and these variations may be attributed to the composition 
of the feedstuffs, as also to the flow pattern of the marker 
through the gastrointestinal tract with respect to the digesta. The 
study demonstrates that chromic oxide, used as exogenous 
marker for nutrient digestibility estimates, produces more 
consistent values. 
Apparent protein digestibility in catfishes, C. batrachus (IS-
IS cm; 45-50 g), C. gariepinus (21-22 cm; 60-65 g) and H. 
fossilis (10-12 cm; 10-15 g) was estimated for nine different plant 
and animal origin feedstuffs. Fat digestibility was tested for C. 
batrachus and C. gariepinus, wherein the influence of feeding 
frequency on protein digestibility was also examined. The protein 
digestibility of the feedstuffs varied significantly (P<0.05) within 
each test species. However, the digestibility values for most of 
the ingredients tested were comparable (P>0.05) between the 
three catfish species. The most efficient utilization of protein in 
these fishes was noted for soybean meal followed by fishmeal. 
The lowest protein digestibility was noted for rice bran. Similarly, 
the utilization of fat from the feedstuffs was also significantly 
(P<0.05) different within each of the two species, C. batrachus 
and C. gariepinus. Fat digestibility of feed ingredients was 
insignificantly (P>0.05) different between the two species. With 
respect to the fat content soybean was most efficiently utilized. 
Poorest fat digestibility was obtained for rice bran. A marked 
decline in protein utilization was discernible in the above two 
species on increasing the feeding frequency from two to four 
times a day. 
Influence of protein source and varying temperature on 
apparent protein digestibility was determined in the catfish, H. 
fossilis (9-11 cm; 6-8 g). The fish effectively utilized protein from 
both the plant as well as animal origin feedstuffs. With the 
exception of fishmeal and soybean meal, protein digestibility 
varied significantly (P<0.05) with the feedstuffs tested. The trend 
in utilization of protein from different sources remained similar at 
the three temperatures (18. 28, 38°C). For each ingredient, 
digestibility values varied (P<0.05) with temperature. A 
temperature of 28°C was found to be most suitable for optimal 
protein utilization in H. fossilis. 
Influence of protein source and fish size on apparent 
protein digestibility (%) was studied in African catfish, C. 
gariepinus. Three size classes (27-30 cm, 105-109 g; 42-44 cm, 
780-830 g; 60-62 cm, 1250-1300 g) of fish were taken for this 
study. Within each size-class, the digestibility varied significantly 
(P<0.05) with the source and quality of protein used. Soybean 
meal and fishmeal were utilized with greater efficiency, while rice 
bran was least digestible. An increase in digestibility was 
apparent with increase in fish size for high protein sources such 
as soybean meal, full-fat soybean, laboratory prepared fishmeal, 
Peruvian brown fish meal and dried fish. Protein from other plant 
sources was less efficiently utilized with increase in size. 
Evidence of daily variation in protein digestibility was also 
noticeable in small fish. 
Effect of feeding glanded cottonseed meal was examined 
on the growth, conversion efficiency, and carcass composition of 
Labeo rohita fry (3.0-3.5 cm) reared at 24+1. Inclusion of > 
5.41% cottonseed meal in the diet was found to depress fish 
growth. The specific growth rate (%) was significantly (P<0.05) 
higher (1.77) in fish fed diet containing cottonseed meal at the 
rate of 2.16-4.33%. The best-feed conversion ratio (1.98) was 
seen in diets containing 2.16% cottonseed meal. While protein 
efficiency ratio was highest (1.26) in fish fed diets containing 
cottonseed meal at 2.16 and 3.25% Body fat and moisture 
declined significantly in fish fed diet with >5.41% cottonseed 
meal. Variations in body protein and ash were not significant at 
levels tested. 
Effect of phytic acid was studied on the growth, conversion 
efficiency, and carcass composition of C. mrigala (2.5-3.5) fry, 
reared at 18-22°C. The fish were fed isonitrogenous (40% CP) 
and isocaloric (4.32 kcal/g) purified test diets, containing varying 
levels (0.5, 1.0, 1.5, 2.0, and 2.5%) of phytic acid 
(dodecasodium salt). The highest weight gain (94.87%), specific 
growth rate (1.58%), protein efficiency ratio (2.02), and best food 
conversion ratio (1.21) were obtained in fish fed the control diet 
containing no phytic acid. Live weight gain and specific growth 
rate were significantly affected by dietary phytic acid inclusion 
beyond a level of 1%. Dietary inclusion of phytic acid markedly 
influenced the carcass composition of the fish. Crude protein and 
fat content declined significantly (P<0.005) in fish fed phytic acid 
contained diet The percentage of moisture and ash in these fish 
were found to be significantly (P<0.05) higher. 
The information, in addition to contributing to the existing 
knowledge on the subject, would be of interest to fish 
nutritionists and farmers, and find application in developing 
practical diets for semi-intensive/intensive culture of these 
fishes. 
EFFECT OF FEEDING GLANDED COTTONSEED MEAL 
ON THE GROWTH, CONVERSION EFFICIENCY AND 
CARCASS COMPOSITION OF LABEO ROHITA 
(HAMILTON) FRY 
N. USMANI, A.K. JAFRI and A.S. ALVI 
Fish Nutrition Research Laboratory, Department of Zoology, Aligarh Muslim University, 
Aligarh 202 002, India 
ABSTRACT 
Effect of feeding glanded cottonseed (Gossypium herbaceum) meal was examined on the growth, 
conversion efficiency, and carcass composition of Labeo rohita fry (3.0-3.5 cm) reared at 24 ± 1 °C in 
polyvinyl circular indoor flow-through tanks (1-1 5 l/min ) Fish were fed at a rate of 4% body weight, 
6 d a week, in two feedings/d (0800 and 1600 h) Casein-gelatin based isonitrogenous (40% CP) and 
isocalonc (4.32 kcal/g, gross energy), semi-punfied test diets containing varying levels of cottonseed 
meal (2.16, 3.25, 4.33, 5.41, and 6 49%) were used at the expense of protein components of the 
control diet. Diets fed were in the form of moist cake (approximately 50% moisture) Inclusion of 
> 5.41% cottonseed meal in the diet was found to depress fish growth The specific growth rate 
(%) was significantly (p < 0 05) higher (1 77) in fish fed diet containing cottonseed meal at rates of 
216-4 33% The best feed conversion ratio (1 98) was seen in diets containing 216% cottonseed 
meal While protein efficiency ratio was highest (1.26) in fish fed diets containing cottonseed meal at 
216 and 3 25%, body fat and moisture declined significantly in fish fed diet with > 5 41% cottonseed 
meal. Vanations in body protein and ash were not significant at levels tested 
Key words Labeo rohita, cottonseed meal 
A major problem facing aquaculture is the limited supply and increasing cost of 
fishmeal, an important source of animal protein in formulated fish feeds. Plants 
may provide an alternate source of less expensive protein as supplements to fish 
diets (Dorsa et al., 1982; Hendricks and Bailey, 1989; De Silva and Anderson, 
1995). Cottonseed meal has often been used as a protein source in fish rations 
(Dorsa ^t al., 1982; Robinson et al., 1984a, b; Ofojekwu and Ejike, 1984) and is 
known to have an excellent amino acid profile (Jackson et al., 1982). However, 
the toxicity associated with cottonseed due to the presence of gossypol and cyclo-
propenoid fatty acid has limited its use as a dietary component. Gossypol occurs 
naturally in the pigment glands of cottonseed, and is reported to decrease feed 
utilization and growth in fish (Fowler, 1980; Robinette, 1981; Dorsa et al., 1982; 
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Robinson etal., 1984a, b; De Silva and Anderson, 1995). However, Robinson and 
Rawles (1983) observed that cottonseed meal can replace up to 50% of soybean 
meal in diets formulated for catfish without causing reduction in growth. 
In India, cottonseed meal is used as an ingredient in fish rations (Jhingran, 
1983) in spite of the fact that little research has been done to study its effect on 
fish growth. In 1994 the country produced 3.9 million metric tonnes of cottonseed 
(FAO, 1995). The present study examines the effect of cottonseed meal containing 
varying levels of dietary gossypol on growth, conversion efficiency, and body 
composition of Indian major-carp, Labeo rohita fry. 
MATERIALS AND METHODS 
Labeo rohita fry (3.0-3.5 cm) were obtained from Uttar Pradesh Fisheries De-
partment. These were accustomed to accept H-440 purified diets (Halver, 1989) 
over a 14-d period in the laboratory. 
Casein-gelatin based, semi-purified test diets containing varying levels of sol-
vent extracted glanded cottonseed {Gossypium herbaceum) meal (2.16, 3.25, 
4.33, 5.41, and 6.49%) were formulated (Table 1). The crude protein content of 
each diet was adjusted to 40%. Cottonseed meal was incorporated in the test 
diet at the expense of protein component. Diets were made isocaloric by adjust-
ing the amount of dextrin and a-cellulose. Mineral and vitamin premix used and 
the method of preparation of experimental diets were according to Halver (1989). 
Gossypol content in cottonseed meal was assayed spectrophotometrically by the 
method given by Raj and All (1982). The procedure was based on aniline-gossypol 
reaction. 
Proximate composition of cottonseed meal, experimental diets, and carcass 
was determined using standard techniques (AOAC, 1984). Moisture content was 
determined by placing a pre-weighed sample in a hot air oven (100°C) for 20-24 h. 
Crude protein (N x6.25) was estimated by Kjeldahl method. Crude fat was deter-
mined using petroleum ether (40-60°C BP) and the Soxhiet exhaustive extraction 
techniques. Dried samples (2-5 g) were incinerated in a muffle furnace (600°C) 
for 2 h to estimate ash content. Crude fibre was determined through acid-alkali 
hydrolysis of fat-free sample, followed by ignition for 2 h at 550°C. Nitrogen-free 
extract (NFE) was calculated by difference. 
Growth trial was conducted for 6 weeks, with 3 replicates/diet. Fish were 
reared in 70 I polyvinyl circular indoor flow-through tanks (1.0-1.5 l/min.) supplied 
with ground water. Acclimated fry of desired size (3.0-3.5 cm) were randomly 
stocked in triplicate groups of 10 fish/replicate. Fish were fed experimental diets 
at a rate of 4% body weight, as a moist cake (approximately 50% moisture), 6 
days a week in 2 feedings/day (0800 and 1600 h). Uneaten food was filtered 
over a screen, dried, and weighed to estimate the amount of food consumed. 
Weekly estimate of biomass was made and the feed amount adjusted accordingly. 
Water temperature (22-26°C) and dissolved oxygen (6.3-6.8) during the trial were 
satisfactory for good fish growth. 
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Table 1 Ingredient and proximate composition of expenmental diets 
Ingredient g/100 g diet 
Casein (vitamin-free, 84% CP)' 
Gelatin (87 6% CP)^ 
Dextrin 
Cotton seed meal* 
Oil mix (1 2, corn and codliver oil) 
Mineral mix^ 
Vitamin mix^ 
a-cellulose 
Cartxjxymethyl cellulose 
Water 
Gross energy* 
(Kcal/100gdrywt) 
Proximate composition %, as fe&* 
Crude protein 
Crude fat 
Curde fibre 
Asti 
NFE 
Control 
38 09 
9 20 
30 00 
0 00 
7 00 
4 00 
1 00 
8 71 
2 00 
100 00 
432 60 
38 90 
±0 03 
6 90 
±0 39 
12 10 
±0 04 
3 60 
±0 03 
38 50 
±0 03 
1 
(0 012) 
37 58 
9 08 
2918 
2 16 
7 00 
4 00 
1 00 
8 00 
2 00 
100 00 
432 60 
39 40 
±0 05 
710 
±0 01 
11 94 
±0 39 
3 62 
±0 21 
37 94 
±0 61 
II 
(0 018) 
37 39 
9 02 
28 76 
3 25 
7 00 
4 00 
1 00 
7 63 
2 00 
100 00 
432 60 
39 50 
±0 05 
7 20 
±0 01 
11 86 
±0 45 
3 63 
±0 01 
37 81 
±0 01 
Diets 
III 
(0 024) 
39 09 
8 96 
28 35 
4 33 
7 00 
4 00 
1 00 
7 27 
2 00 
100 00 
432 60 
38 90 
±0 04 
7 40 
±0 02 
11 78 
±0 29 
3 64 
±0 01 
38 28 
±0 04 
IV 
(0 030) 
36 85 
8 90 
27 94 
5 41 
7 00 
4 00 
1 00 
6 90 
2 00 
100 00 
432 60 
39 40 
±0 41 
7 00 
±0 01 
11 70 
±0 40 
3 66 
±0 41 
38 24 
±0 21 
V 
(0 036) 
36 60 
8 84 
27 53 
6 49 
7 00 
4 00 
1 00 
6 54 
2 00 
100 00 
432 60 
38 90 
±0 02 
7 40 
±0 01 
11 62 
±0 22 
3 67 
±0 41 
38 38 
±0 30 
^ICN Pfiarmaceutical, Cleveland, Ofiio, USA, ^Loba Chemi, India, ^Halver, 1989, '•Dry weight basis 
•Protein, 23 91 ± 0 40, Crude fibre, 21 76 ± 0 51, Moisture, 9 28 ± 0 16, Asfi, 4 64 ± 0 09, NFE, 
40 41 ± 0 16, Gossypol, 0 54 ± 0 06 
"Results are mean of tnplicate estimations ± SE 
Figures in parenthesis represent the per cent dietary free gossypol 
Specific growth rate (SGR%), feed conversion ratio (FCR), and protein 
efficiency ratio (PER) were calculated using standard equations (Hardy, 1989; 
Hanley, 1991). The data were statistically analysed using one-way analysis of 
vanance (ANOVA, p < 0.05) and Duncan's multiple range test (Snedecor and 
Cochran, 1967; Sokal and Rohlf, 1981), to test the homogeneity of vanance within 
and between the treatment means, respectively 
RESULTS 
Live weight gain (110%) and SGR (1.77%) '^^ere significantly higher (p < 0 05) in 
fish fed diets l-lli, containing 2.16-4.3% of cottonseed meal with 0.012-0.024% 
gossypol (Table 2). The best FCR (1.98) occurred at 2.16% dietary cottonseed 
meal inclusion (diet I) containing 0.012% of gossypol, while PER was highest 
(1.26) among fish fed cottonseed meal at the two lowest levels (diets I and II) 
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Table 2 Results of feeding experimental diets to L rohita fry during a 6-week 
Av initial wet wt 
Av final wet wt 
Feed consumed (mg fish/d) 
% increase in live wt 
Specific growth rate^ 
Feed conversion ratio^ 
Protein efficiency 
ratio* 
Control 
4 90'^ 
±0 05 
10 21^" 
±0 55 
32 01 
108 36^ 
±2 43 
1 75^ 
±010 
2 17" 
±0 20 
1 ^7^ 
±0 11 
1 
515=" 
±0 11 
1081 = 
±0 43 
31 13 
109 90= 
±1 70 
1 77= 
±0 01 
1 98" 
±0 04 
1 26= 
±0 03 
II 
5 45^ 
±0 25 
11 41^ 
±0 29 
33 77 
109 36= 
±1 73 
1 77= 
±0 05 
2 04" 
±0 06 
1 26= 
±0 13 
Diets 
III 
5 15=" 
±0 04 
10 80= 
±0 10 
32 96 
109 71 = 
±1 54 
1 77= 
±0 04 
2 10" 
±0 07 
1 20=" 
±0 06 
IV 
4 55= 
±0 18 
9 13" 
±0 13 
27 10 
100 66=" 
±2 75 
1 66=" 
±0 13 
2 31=" 
±0 27 
1 i iab 
±013 
V 
4 85"= 
±0 04 
8 98"<= 
±0 37 
30 37 
8515" 
±2 50 
1 47" 
±012 
2 62= 
±0 14 
0 99" 
±0 77 
Results are mean of triplicate runs ± SEM Means in the same row having the same superscnpts are 
not significantly different (p > 0 05) 
Moo (BW, - BWi )/BWi, where BW, and BW, were the average initial and final body weight (g) of the 
fish, respectively 
2100 [In final weight (g) - In initial weight (g)]/time (d) 
^Dry weight of feed consumed (g)/wet weight gam (g) 
"Net weight gain (g)/protein consumed (g, dry weight basis) 
Table 3 Carcass composition of L rohita fry fed expenmental diets 
Crude protein* 
Crude fat' 
Moisture 
Ash* 
Initial 
61 40" 
±0 46 
17 07'' 
±0 30 
84 43= 
±0 04 
1513= 
±0 30 
Control 
67 57= 
±0 89 
20 50" 
±0 18 
80 39"<= 
±0 34 
11 65" 
±0 05 
1 
67 28= 
±0 09 
21 92= 
±0 56 
80 81" 
±0 05 
11 52" 
±0 21 
Diets 
II 
66 08= 
±0 76 
21 42= 
±0 27 
79 46"<= 
±0 23 
11 55" 
±0 43 
III 
66 64= 
±0 60 
21 34= 
±0 38 
79 00"= 
±0 60 
11 94" 
±0 51 
IV 
67 50= 
±0 74 
20 07"= 
±0 61 
80 04"= 
±0 64 
12 10" 
±0 09 
V 
67 82= 
±0 52 
19 58= 
±0 37 
78 51 = 
±0 54 
1201" 
±0 33 
*Dry weight basis Results are means of tnplicate estimations ± SE 
Means in the same row having the same superscnpts are not significantly different (p > 0 05) 
Body fat and moisture declined significantly (p < 0.05) in fish fed the two 
highest cottonseed meal rations (diets IV-V) whereas variations in body protein 
and ash were not significant (p > 0.05) among the diets (Table 3). 
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DISCUSSION 
The study indicates that growth and conversion efficiencies in L. rohita are signif-
icantly affected at 6.5% level of cottonseed meal, containing 0.036% of gossypol. 
Work on use of cottonseed meal in fish feeds has been limited to a few species. 
The level of tolerance appears to vary between species. Chinook salmon (On-
corhynchus tshawytscha) and coho salmon (O. kisutch) have been reported to 
tolerate diets containing up to 34 and 22% cottonseed meal, respectively (Fowler, 
1980). In channel catfish (Ictalurus punctatus) growth was reportedly reduced 
among fish fed diets with 17% cottonseed meal, containing > 0.09% gossypol 
(Dorsa etal., 1982). Tropical cichlid (Oreochromis niloticus) fed with cottonseed 
meal showed far poorer growth rate and feed utilization indices than those receiv-
ing fishmeal-based diets (Ofojeckwu and Ejike, 1984). Robinson et al. (1984a) 
also observed growth depression and poorer feed conversion in tilapia {Tilapia 
aurea) fed glanded cottonseed meal, in comparison to those fed soybean and 
peanut meals. It is generally accepted that nutritional value of glanded cotton-
seed meal is reduced for monogastric animals and fishes, primarily due to pres-
ence of gossypol. The level of glanded meal that can be used in fish ration, 
therefore, depends largely on gossypol content of meal used. Herman (1970) 
observed growth suppression among rainbow trout {Salmo gairdneri) fed diets 
containing 0.029% or more of free gossypol. He further observed that trout re-
ceiving diets with 0.053% free gossypol also had severe reduction in hematocrit, 
hemaglobin, and plasma protein. Robinson e^  al. (1984b) found that glandless 
cottonseed protein fed to channel catfish was of higher nutritional quality than 
glanded cottonseed protein because of increased lysine availability. Robinson 
and Rawles (1983) tested the desirability of using glandless cottonseed meal and 
flour in catfish diets and found that glandless cottonseed meal could replace soy-
bean completely, with no reduction in growth as the meal did not require lysine 
supplementation. 
Gossypol has an inhibitory effect on digestive enzymes and diminishes ap-
petite, thus reducing the nutritional value of cottonseed meal (Jauncey and Ross, 
1982). Depression in growth rate and live weight gain reported in various species 
fed cottonseed-based diets has been attributed to unfavourable physiological ef-
fects of gossypol such as reduction in succinic dehydrogenase and cytochrome 
activity (De Silva and Anderson, 1995). 
The analysis of body composition of L rohita revealed that the crude pro-
tein and ash content did not vary among the fish groups receiving various levels 
of cottonseed meal in the diet. Fat and moisture, however, showed a gradual 
decline in fish beyond 5.41% dietary cottonseed meal inclusion. Although no de-
tailed report is available about effects of feeding cottonseed meal on the body 
composition of fish, the observations of Ofojeckwu and Ejike (1984) indicate that 
in O. n. niloticus the contents of lipid in diet and fish tissue are positively corre-
lated. In addition, the dietary protein content and protein in the fish tissue appear 
to be diphasic. 
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